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CMOT transgene

cttaagatacattgatgagtttggacaaaccacaactagaatgycagtgaaaaaaatgetttatttgtgaaatttgty
atgctattgetttatttgtaaccattataagetgcaataaacaagttaacaacaacaattgeattecattttatgttt
caggttcagggggaggtgtgggaggttttttaaagcaagtaaaacctctacaaatgtggtatggetgattatgatet
agagtcgeggeegetttacttgtacagetegtecatgecgagagtgateccggeggeqggtcacgaactccagcagga
ccatgtgatcgegettetegttggggtetttgetecagggeggactgggtgetecaggtagtggtigtecgggeageage
acggggcegtegecgatgggggtgttetgetggtagtygteggegagetgecacgetgecgtectegatgttgtggey
gatcttgaagttcaccttgatgcegttcttctgettgteggecatgatatagacgttgtggetgttgtagttgtact
ccagettgtgeeccaggatgttgeegtectecttgaagtegatgecctteagetegatgeggttcaccagggtgteg
cccetegaactteaccteggegegggtettgtagttgeegtegtecttgaagaagatggtgegetectggacgtagee
ttecgggeatggeggacttgaagaagtegtgetgetteatgtygteggggtageggetgaageactgeacgeegtagg
tcagggtggtcacgagggtgggccagggeacgggcagettgecggtggtgecagatgaacttcagggtcagettgecg
taggtggcatcgcecctegecctegecggacacgcetgaacttgtggecgtttacgtegeegtecagetegaccaggat
ggqcaccacccecggtgaacagetecteqgeocttgetcaccatggttgtggecatattatcategtgtttttecaaaqgy
aaaaccacgtceccgtggtteggggggectagacgtttttttaacctegactaaacacatgtaaageatgtgcaceqg
aggcceccagatcagateccatacaatggggtaccttetgggeatectteageceettgttgaatacygettgaggaga
geccatttgactetttecacaactatecaactcacaacgtggeactggggttgtgecgectttgeaggtgtatettat
acacgtggettttggecgeagaggeacctgtegecaggtggggggttecgetgecetgeaaagggteygetacagacgt
tgtttgtecttcaagaagettecagaggaactgettecttcacgacattcaacagaccttgcattectttggcgagay
gggaaagacccctaggaatgetegtecaagaagacagggecaggtttecgggeccteacattgccaaaagacggeaat
atggtggaaaataacatatagacaaacgcacaccggecttattccaageggetteggecagtaacgttaggggggygy
guagggagaggggcggatceccgggeccgeggtacegtegactgcagaattcactagtgattaaattatattgtegac
tcatgageacceacageggtetactaccatggetggaattttoccatatattatttgttettitgeocattaaaatata
gcatattaatgggagacatttttgtcggagtgcagecaagggectgetgagectetggggtttgettyggtgeacaaga
tgagtatgcggatatttttgtaaaaacacaaattcacactctectgageagtaattggecttatatettttgggtyce
gataatccagtcccatccaaaggcettcaaaategaccgtgagggggtageggcagceaccgggatteegtggagtget
catcgecagteaageccaaagteteteegggacctettgggtgtgtetygteaccttgacttetaaaaagggatteage
ccatcttetectggtectygggaaggttacageaagateatggecatteteatecaaagetttgatttecaatgectaa
gttggattcaggctgtttgageccaattttgcaacactgtettcacatcaatactetgecaaataccagtgectygygygce
tcatgtcaagtttcagagatcggattccagtataccttgtaccgtettteatgggtttgatgagtetecaggatttge
acaaacactgttgtaggagtcttgacgggtetgagatatatecacagttggocttttactactitgttgtactgtat
tttagagctaaatttaaaaaagcaacatttgggettgecatecgettgeattagaaagtcagactetgtaggeatygyg
taatgattgtttcecgtggtagegtgataategteatettccaaagagecatecactgetgteatecctetggyacgteg
tactgatcgatcagtteecggagtggaggegetcttggeagaagttgtettatagecatetttgetgatgttaggage
tgtttccaggegeagettactgaggatttgaatttttatggettetattetggagtacctegtgttttgtetecacy
cacatgeattacacageccctetttttecacattttetteteteteactgeecoteatttagatecactygggecayca
gcaatcagcatgaacaggtaaatataaacatacatttgcagtttttgcatcatggetggatcecgggeccataagage
gtaatctggaacatcgtatgggtacatggtgtctagcetegegtcagetgactagaggatececgggtaccgageteg
aattcggggecgeggaggetggategoteccggtgtettetatggaggtcaaaacagegtggatggegtetecagge
gatctgacggtteactaaacgagetetgettatataggecteccacegtacacgectactegaceegggtaccygage
tcgactttcacttttetetatcactgatagggagtyggtaaactegactttecacttttetetatecactgatagggagt
ggtaaactcgactttcacttttctetatcactgatagggagtggtaaactecgactttcacttttctetatcactgat
agggagtggtaaactcgactttcacttttetetatecactgatagggagtggtaaactegactttcacttttetetat
cactgatagggagtggtaaactcgactttecacttittetetatcactgatagggagtggtaaactegactttcacttt
tetetatcactgatagggagtogtaaactegagatcetegagetcaagettcgaattategaattectgeagecegat

FiG. 18
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ctcagctgaggtgcaaaaggetectgteatattgtgtectgetetggtetgecttecacagettggggoccacctag
cecacctetecctagggatgagageagecactacgggtetaggetygeccatgtaaggaggcaaggectggggacace
cgagatgectggttataattaacccagacatgtggetgeccccceeceeecccaacacctgetgectgagecteacecece
caccecggtgectgggtettaggetetgtacaccatggaggagaagetegetetaaaaataacectgteectggtygg
atccagggtgaggggcaggetgagggeggcecactteecteagecgeaggtttgtttteccaagaatggtttttetge
ttectgtagettttectgteaattctgecatggtggagcagectqeactgggettctgggagaaaccaaaccgggtte
taaccttteagetacagttattgectttectgtagatgggegactacagecccacceeccacceecegtetectgtate
ctteetgggectggggatectaggetttcactggaaatttecccecaggtgetgtaggetagagteacggeteccaa
gaacagtgcttgcctggcatgcatggttctgaacctecaactgeaaaaaatgacacataccttgacecttggaagyge
tgaggcagggggattgccatgagtgcaaagecagactgggtggeatagttagacectgtetcaaaaaaccaaaaaca
attaaataactaaagtcaggcaagtaatcectactegggagactgaggcagagggattygttacatgtetgaggecage
ctggactacataqqggrtteaggetagecctgtectacagagtaaqgoactattitcaaaaacacaaacaaaatggttet
cccagcetgetaatgeteaccaggeatgaagectggtgageattageaatgaaggcaatgaaggagggtgetggetac
aatcaaggctgtgggggactgagggcaggctgtaacaggcttgggggccagggcttatacgtgectgggacteccaa
agtattactgttccatgtteccggegaagggccagetgtecccegecagetagactcageacttagtttaggaacca
gtgagcaagtcageccttygyggeageccatacaaggcecatggggetgggecaagetgceacgectgggtecgggatgygyg
cacggtgccegggcaacgagctgaaagetecatetgeteteaggggeccctecctggggacageeectectggetagt
cacaccctgtaggetectetatataacecaggggeacaggggetgeccccaagetggeegetetagaggatecceyy
gactagaattecaccatgtetagattagataaaagtaaagtgattaacagegeattagagetgettaatgaggtegyga
atcgaaggtttaacaacccgtaaactegeccagaagettggtgtagageagectacactygtattggeatgtaaaaaa
taagcgggctttgctcegacgecttagecattgagatgttagataggeaccatactcacttttgecctttaaaagggg
aaagctggcaagattttttacgcaataacgctaaaagttttagatgtgetttactaagtcategeaatggagcaaaa
gtacattcagatacacggcctacagaaaaacagtatgaaactcetegaaaatcaattagectttttatgecaacaagy
tttttecactagagaacgegttatatgcactcaqgegetgtggggeattttactttaggttgegtattggaagatcaaq
agcatcaagtcgctaaagaagaaagggaaacacctactactgatagtatgecgecattattacgacaagetatcegaa
ttatttgatcaccaaggtycagagecagecttettatteggecttgaattgatcatatgcggattagaaaaacaact
taaatgtgaaagtgggtcecgegtacagecgegegegtacgaaaaacaattacgggtetaccategagggectgeteyg
atctececcggacgacgacgceecccgaagaggeggggetggeggetecgegectgtecttteteccegegggacacacy
cgcagactgtegacggececececgaccgatoteagectygggggacgagetecacttagacggegaggacgtggegat
ggcegeatgeegacgegetagacgatttegatotggacatgttgggggacggggattececegggtocgggatttacee
cccacgactecegeccecectacggegetetggatatggecgacttegagtttgageagatgtttacecgatgeecttgga
attgacgagtacggtgggatggatcccegggtaccggtegecaccatggtgageaagggegaggagetgtteaceyy
ggtggtgcccatectggtegagetggacggegacgtaaacggecacaagttecagegtgtecggegagggegaggygceyg
atgccacctacggcaagetgaccctgaagttcatetgeaccaccggcaagetgecegtgecctggeccaccectegtyg
accaccctgacctggggegtgecagtgettecagecgetaccccgaccacatgaageagcacgacttettcaagtecge
catgeccgaaggetacgtecaggagegecaccatettettcaaggacgacggeaactacaagaceegegecgaggtyga
agttegagggegacaccectggtgaacegecategagetgaagggcategacttcaaggaggacggcaacatectyyyy
cacaagctggagtacaactacatcagecacaacgtetatateacegecgacaagcagaagaacggeatcaaggecaa
cttcaagatcecgcecacaacatcegaggacggcagegtgeagetegecgaccactaccageagaacacecccategyeyg
acggeccecgtgetgetgeccgacaaccactacctgageacccagtecgeectgagecaaagaccccaacgagaagege
gatcacatggtcectygcetggagttegtgacegecgecgggateacteteggcatggacgagetgtacaagtaaageygy
ccgegactetagatecataatcagecataccacatttgtagaggttttacttgetttaaaaaaccteccacacctece
cctgaacctgaaacataaaatgaatgcaattgttgttgttaacttgtttattgeagettataatggttacaaataaa
gcaatagcatcacaaatttcacaaataaageattttttteactgeattctagttgtggtttoteccaaacteateaat
gtatcttaag

FIG. 18 (Cont'd)
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Bicistronic bridge:

ctegacttte
tatcgaatte
ctgcetteca
ggctgceccat
gctgeececee
gtecaccatg
tgegggcgge
cctgteaatt
ttcagctaca
ccttectygygy
gctccecaaga
tgacccttgg
ctgtctcaaa
agagggattyg
aaggccectat
gtgegeatta
ggctgtaaca
ccggcgaagyg
ccettgggge
gcecgggeaa
tcacaccety
atcceccgygga
ctteatgagy
cactgtatty
ccatecteac
agatgtgett
atgeeactct
actcegeget
gaaegggaaa
aagatgcaga
tgaaagtgyy
gatcteeeyy
gacacccgey
cgaggeacgty
tceeegyggte
ttgagcagat
caccatggtyg
gtaaacggcec
agttcetety
gcagtgctte
tacgtceagg
agggcgacac
gcacaagcty
aaggccaact
acacccceat

acttttetet
ctgcageeeg
cagettgggg
gtaaggaggc
ceceececaac
gaggagaagc
cactteecte
ctgoeatgat
gttattgcct
cetggggate
actagtgcttyg
aaggctgagyg
aaaccaaaaa
ttacatgtet
ttcaaaaace
gcaatgaaqg
ggcttgggqg
gccagetgte
agcccatace
cgagctgaae
taggctecte
ctagaattce
teggaatege
gcatgtaaae
ttttgecett
tactaagtce
cgacaatcae
gtggggcatt
cecctactac
geceegectte
tcegegtaca
acgecgacyce
cegectygteg
gcgetggege
cgggatttac
gtttaccgat
agceagggceq
aceegttcag
caccaccgyge
agcegetace
agcgeaccat
cctggtgaac
gagtacaact
tcaagatceqg
cggcgacggce
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CMOT=pFin plasmid sequence
(PMCK/Tet-ON-BFP//TRE/HA-Mst/IRES-EGFP)

atcactgata
atctcegety
gccacctage
aaggcctggy
acctgctgee
tcgctcetaaa
agecgeeggt
ggagcagecet
ttecetgtaga
ctaggettte
cctyggeatyge
cagggggatt
caattaaata
gaggccagee
caaacaaaat
caatgaagga
ccagggctta
ceeegeeeage
aggccatggg
gctecatetge
tatataaccc
ccatgtetag
aggtttaaca
aataagcggg
taaaagggga
tcgcaatgga
ttagcectttt
ttactttegg
tgatagtetg
ttattcggee
geegegegey
ceeegaagay
acggeceecec
atgccgacqge
cceecacgac
gecettggaa
aggagctgtt
cgtgteegge
aagctgeccg
ccgaccacet
cttetteasg
cgcatcgage
zcatcagceca
ccacaacatc
ccegtygetac

gggegtggta
aggtgcaaaa
ccacctetec
gacaccegag
tgagecteac
aateaccctg
ttgttttece
gcactggget
tgggcgacta
actggaaatt
atggttctga
gccatgagtyg
actaaagtca
tggactacat
ggttctecca
gggtgctgge
tacgtgecetyg
tagactcage
gctgggcaag
tcteagggygc
aggggcacag
attagataaa
acccgtaaac
ctttgctega
aagctggceaa
gcaasagtac
tatgccaaca
ttgegtatty
ccgcecattat
ttgacttgat
tacgzaaaac
gcggggetyy
cgaccgatgt
gctagacgat
tcegeeeect
ttgacgagta
caccggggty
gagggcgagg
tgcectggee
gaagcagcac
gacgacggca
tgaagggcat
caacgtctat
gaggacggea
tgccegecaa

FIG. 19

eactcgagat
ggctectgte
ctagggatgs
etgcctggtt
ceeeacecey
tceectggtgg
cagaatggtt
tectgggagsas
cagccoecace
teceeeecagg
acctccaact
caaagccaga
ggcaagtast
agggtttesag
gctgctaatyg
tacaatcaag
ggactccceea
acttagttta
ctgcacgect
ceeteectgg
gggctygeecee
agtaaagtga
tegeccagaa
cgecttagee
gettttttec
attcagatac
aggtttttea
geegatcaag
tecgacaage
cctatgegga
aattacqqqgt
cggceteeygey
cagcetggygg
ttcgatctgg
acggegcetet
cggtgggaty
gtgcceatee
gcgatgecac
caccetegtyg
gacttcttca
actecaagac
cgacttcaag
atceccgecy
gcgtgeaget
ccactacctyg
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ctcgegetea
atattgtgtce
gagcagcrac
ataattaacc
gtgectgggt
atccagggtyg
tttctgcette
accaaaceqy
cceaceeecyg
tgctgtagge
gcaaaasatyg
ctgggtggea
cetacteggy
gctagecectyg
cteaccegge
gctgtggggy
agtattectyg
ggaaccegty
gggtceggyy
ggacagcece
caagctaggee
ttaacagegce
gettggtgta
attgagetgt
gcaataecge
acggcctaca
ctagageacyg
agcatcacgt
tatcgaatta
ttagaaeccec
ctaccatega
cetygtecettt
gacgagetee
acatgttgqg
ggatatggcee
gatceeeggg
tggtecgaget
ctacggcaag
accaccctga
agtcegecat
ccgcgeegag
geggacggce
acaagcagae
cgecgaceac
agcacccagt

agcttcgaat
ctgctetggt
tacgggtcta
cagacatgtg
cttaggetet
aggggcagge
tgtagetttt
gttctaacct
tctectgtat
tagegteacyg
acacatacct
tagttagacc
agactgaggce
tctecagagt
atgeegectyg
actgegggca
tteceatgtte
agceagteay
tgggcecggt
tcetggetag
gcteteagagy
attegagcety
gagcegecta
tagetaggca
taacegtttt
gJaaaeacagt
cgttetatgc
cgctezagaa
tttgetcacc
aactteaatyg
gggcetgete
cteececeyeygy
acttagacqgy
ggacggggat
gacttcgagt
taccggtaoge
ggacggcgac
ctgaccctga
cctggggegt
gcccgasqge
gtgaagttcg
acatcctggyg
gaacggcete
taccagceaga
ccgeectgag
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caaagacccece aacgagaage gcgatcacat ggtcetgetg gagttegtga cegecgecgg gatcactete
ggcatggacg agctgtacaa gfaaagcggc cgcagacatg ataag Tet-on polyA. a gcttcettaag
gcgtaaatty taagcegttaa tattttgtta aaattcgegt taaatttttg ttaaatcage tcatttttta
accaataggc cgaaatcgge aaaatccctt ataaatcaaa agaatdgacc
gagatatggtcgatcggagtgctecacttgacccactetgettatatagaccteccacegtacacgectacceegecat
ttgcgtcaatggggcggagttgttatgacattttggaaagteccgttgattttggtygccaaaacaaacteccattyga
cgtcaatgggcgggggtcegttgggcggtcagecaggcgggcecatttaccgtaagttatgtaacgecggaactecatat
atgggctatgaactaatgaccccgtaattgattactattaataacta
atgcatggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggcecageaaa
aggccaggaaccgtaaaaaggecgegttgctggegtttttecataggetecgececectgacgageatcacaaaaat
cgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggegttteeecctggaageteectegt
gegetcetectgttecgacectgecgettaccggatacctgtecgecttteteccttegggaagegtggegetttete
atagctcacgetgtaggtatetecagtteggtgtaggtegttcgctecaagetgggctgtgtgcacgaacccecegtt
cagcccgaccgetgegecttatecggtaactategtettgagtecaacceggtaagacacgacttategecactgge
agcagccactggtaacaggattagcagagegaggtatgtaggeggtgctacagagttcttgaagtggtggectaact
acggctacactagaaggacagtatttggtatctgegctetgetgaagecagttacctteggaaaaagagttggtage
tcttgatecggecaaacaaaccaccgetggtageggtggtttttttgtttgcaageagcagattacgegcagaaaaaa
aggatctcaagaagatcctttgatettttctacggggtetgacgcetcagtggaacgaaaactcacgttaagggattt
tggtcatgagattatcaaaaaggatcttcacctagateccttttaaattaaaaatgaagttttaaatcaatetaaagt
atatatgagtaacctgaggctatggcagggectoecgeccegacgttggetgegagecctgggecttecaccecgaact
tggggggtyggggtygggacaaggaagaaacygcgggegtattggeeccaatggggteteggtygggtategacagagt
gcecagecctgggaccgaaccecgegtttatgaacaaacgacccaacaccgtgegttttattetgtetttttattgee
gtcatagcgegggttecttecggtattgtetecttecgtgtttcagttagecteccectagggtgggegaagaacte
cagcatgagatcecccgegetggaggateatecagecggegteccggaaaacgattecgaageccaaccttteataga
aqgcggegqgtggaatcgaaatetegtgatggcaggttqggegtegettggteggteatttegaaccccagagteceyg
ctcagaagaactegtcaagaaggcgatagaaggegatgegetgcgaatcegggageggegataceqgtaaagceacgaqgqg
aagcggtcagececattegecgecaagetettecageaatateacgggtagecaacgetatgtectgatageggtecyge
cacacccagecggecacagtcgatgaatccagaaaageggcecattttecaccatgatatteggeaageaggeatege
catgggtcacgacgagatcctegeegtegggcatgetegecttgagectggegaacagtteggetggegcegageece
tgatgctettegtecagateatectgategacaagaceggettecateecgagtacgtgetegetegatgegatgttt
cgcttggtggtegaatgggcaggtageeggatcaagegtatgecageegeegeattgeatcagecatgatggatactt
tecteggeaggagcaaggtyagatygacaggagatectgeceeggecacttegeccaatageagecagtecetteceget
tcagtgacaacgtcgageacagetgegeaaggaacgeecgtegtggecagecacgatagecgegetgectegtettyg
cagttcattcagggcaccggacaggtcggtettgacaaaaagaaccgggegecectgegetgacagecggaacacyg
cggcatcagagcagccgattgtetgttgtgeccagtecatagecgaatagectetecacccaageggecggagaacet
gegtgcaatecatettgttcaatcatgegaaacgatecteatectgtetettgategatetttgycaaaagectagyce
ctccaaaaaagectecteactacttetggaatagetcagaggecgaggeggaecteggectetgecataaataaaaaaa
attagtcagccatggggeggagaatgggeggaactgggeggagttaggggegggatgggeggagttagyggcgggac
tatggttgctgactaattgagatgeatgctttgeatacttctgectygctggggagectyggggactttecacacetyy
ttgctgactaattgagatgecatgetttgecatacttetgectgetggggagectggggacttteccacaccctaactyga
cacacattccacagctggttetttecgecteaggactettectttttcaatattattgaagecatttatcagggttat
tgtcteatgagceggatacatatttgaatgtatttagaaaaataaacaaatagggotteegegeacatttececgaaa
agtgccacctgacgegecectgtageggegeattaagegeggeggygtgtggtggttacgegecagegtgaccgetacac
ttgccagegeectagegeecyctectttcgetttetteccttectttetegecacgttegecggetttececgteaa
gctctaaategggggetecctttagggttecgatttagtyetttacggeacctegaceccaaaaaacttgattaggyg
tgatggttcacgtagtgggccategecctgatagacggtttttegeecctttgacogttggagtecacgttctttaata
gtggactcttgttccaaactygaacaacactcaaccetateteggtetattettttgatttataagggattttgeeyg
atttcggectattggttasaaaaatgagetgatttaacaaaaatttaacgegaattttaacaaaatattaacgettac
aatttacgcecttaagatacattgatgagtttggacaaaccacaactagaatgcagtgaaaaaaatgetttatttgty
aaatttgtgatgctattgetttatttgtaaccattataagctycaataaacaagttaacaacaacaattgeatteat

FIG. 19 (Cont'd)
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tttatgtttcaggttcagggggaggtgtgggaggttttttaaagcaagtagaaacctetacaaatygtyggtatggetya
ttatgatctagagtcgcggecgetttacttgtacagetegtecatgecgagagtgateecegygegygcggteacgaact
ccagcaggaccatgtgatcegegettetegttggggtetttgetecagggeggactgggtgetecaggtagtggttgteg
ggcagcagcacggggcegtegecgatgggggtgttetgetgatagtggteggegagetgeacgetgecgtectegat
gttgtggceggatcettgaagttcaccttgatgeegttettetgettgteggecatgatatagacgttgtggetgttgt
agttgtactccagettgtgecccaggatgttgecgtectecttgaagtegatgecctteagetegatgeggtteace
agggtgtcgeectegaacttecaccteggegegggtettgtagttgecgtegtecttgaagaagatggtygegetecty
gacgtagccttegggeatggeggacttgaagaagtegtgetygettcatgtggtegggatageggctgaageactgca
cgecgtaggteagggtggtcacgagggtgggecagggcacgggcagettgeegytggtgcagatgaacttcagygte
agcttgccgtaggtggeategeectegeectegeeggacacygetgaacttgtggecgtttacgtegeegtecagete
gaccaggatgggcaccaccecggtgaacagetectegeecttygeteaccatggttgtoggecatattateategtgtt
tttcaaaggaaaaccacgtccecgtggtteggyggggectagacgtttttttaacctegactaaacacatgtaaagea
tgtgcaccgaggcecccagatcagateccatacaatggggtaccttectgggeatecttecagececttgttgaatacge
ttgaggagagccatttgactetttccacaactateccaactcacaacgtggcactggggttgtgecgectttgeagat
gtatcttatacacgtggetttiggecgcagagacacctgtegecaggtagggggttecgetgectgcaaagggtege
tacagacgttgtttgtcttcaagaagettccagaggaactgcttecttecacgacattcaacagaccttgeattectt
tggcgagaggggaaagacccctaggaatgetegtecaagaagacagggecaggtttecgggeccteacattgecaaaa
gacggcaatatggtggaaaataacatatagacaaacgcacaccggecttattccaageggetteggecagtaacgtt
29999999999agggagagggqgc
ggatcccgggecegcggtacegtegactgcagaattecactagtgattaaattatattgtegac
tcatgagcacccacagceggtctactaccatggcetggaatttteccatatattatttgttectttgecattaaaatata
gcatattaatgggagacatttttgteggagtgcagecaagggectgetgagectetggogtttgettggtgeacaaga
tgagtatgcogatatttttgtaasaacacaaattcacactetectgagcagtaattggecttatatettttgggtae
gataatccagtcccatccaaaggettcaaaatcgaccgtgaggaggagtageggcagecaccgggatteegtggagtget
catcgeagtceaagceccaaagtetetecgggaccetettgggtgtgtetgteacettgacttctaaaaagggattecage
ccatcttetectggtectgggaaggttacagcaagatcatggecattetecatccaaagetttgatttcaatgectaa
gttggattcaggetgtttgagecaattttgcaacactgtettcacatcaatactetgecaaataccagtgectggge
tcatgtcaagtttcagagateggattcecagtataccttgtacegtetttecatygggtttgatgagtetecaggatttye
acaaacactgttgtaggagtcttgacgggtctgagatatatecacagttgggettttactactttgttgtactgtat
tttagagctaaatttaaaaaagcaacatttgggcettgecateegettgecattagaaagtcagactetgtaggeatgy
taatgattgtttccgtggtagegtgataategteatettccaaagagecatcactgetgteatecetetggacgtey
tactgatcgateagttececggagtggaggegetettggcagaagttgtettatageatetttgetgatgttaggage
tgtttccaggegeagettactgaggatttgaattitttatggettetattictggagtacctegtgttittgtetecacy
cacatgcattacacagcecctetttttccacattttetteteteteactgeectecatttagatecactgggecagea
gcaatcagcatgaacaggtaaatataaacatacatttgcagtttttgecatcatggetggatecgggeccat
aagagcgtaatctggaacatcgtatgggtacatggtgtetagetegegteagetgactagaggateceegggtacey
agctcgaatteggggecgeggaggetggateggteeeggtgtettetatggaggtcaaaacagegtggatggegtet
ccaggcgatctgacggttcactaaacgagetetgettatataggecteccaccgtacacgectactegaceegggta
ccgagetcecgactttecacttttetctatcactgatagggagtggtaaactegactttecacttttctetatcactgata
gggagtggtaaactcgactttecacttttictetatcactgatagggagtggtaaactecgacttteacttttetetate
actgatagggagtggtaaactcgactttcacttttetetatcactgatagggagtogtaaactcgactttcactttt
ctctatcactgatagggagtggtaaactcgactttcacttttetetatcactgatagggagrggtaaa

FIG. 19 (Cont'd)
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CMOT plasmid
10273 base pairs

Graphic map | Table by enzyme aame

Eco88T BstVI Szu3Al Sfr2741 BsoBI
%hol PasR7I Mbol BglIT Xhol PaeRTI
TthHRSI Tspil S£r2741 Denll MZILI Dpnl Beol Tagl
ctegacttteeacttttetetateactgatagggagtggtaaactegagatetegageteaagettegaattateg vase pairs
gegetgaaagtgeaaagagatagtgactateocteaccatttgagetctagagetegagttegaagettaatage 1 to 75
Teql Ama87I Tagl NdeIT Xholl Eco88I CvidJI
Bcol 3s0RI BstX2I KzoSI Aval Ecll36II
Aval TEhIBET 3501431 Ama87T Tth138T

EcoICRI Psol2/BI CvicI Bspll91 Tagl TspEI FspAdl NdeIl 3stDEI Ddel PspNAI
5dul BcoZ4T Sstl TthHR8T NspV TthHBST Tsp5091 Bbvl Sau3AT Pvull Mnll
Alul Bbv12I Alw21I Sful Tagl Sse91 AcsI Sfcl PstI Mbol Ddel NspBII NlaIV
aattcetgeageecgateteegetgaggtgeaaaaggetectyteatattgtytectgetetggtetgecttcea vase pairs
tteeggacgtegggetagagtegactecacgttttecgeggacagtataacacaggecgagaccagacggaaggt 76 to 150
AspHI Szcl BsiHXAI Lspl 3puldl Sse9I BstS7I CviJI Bspld3I MspAll
Bnyl FriQI HindIII BstBI TspEI EcolI BsorI Bst71I Dpnl CviJdI CviJl
Bspl1286T 3anTT Alal CspdbI Tspb059T Apol Ttal Donll Kzo9T Alul BstDEIT

BslI Cfr13I HaeIlI Styl FcoTlAI 1Ital BovI Bsi¥I
Alul Bsiyl AspSYl 3suRl 5001301 Bfal Bsosl CviJl Hsp921L
CviJI Pspl396I Pall BZal  AvrII Mael FokI CviJl Mael BsoFI  NlaIll

cagettgggggecacctageccacctetecctagggatgagageagecactacgggtetaggetgcecatgtaag vase pairs
gtegaacceccgotggategggtggagaggoatecctactetegtegotgatgeccagatecgacgggtacatte 151 to 225

3scdl vanY1l NlalV Mael MnlI BssT1I BstF5I  Bbvl Bfal FspdHI Bscdl
AceBTI Asul PspWNAI CviJl  ZrhI BsaJl FspdHI Ital BslI
PEIMI Sau%6I CviJl Blnl BseDI Bst7lI 3st71I

CvilT EcoRIT Mval Bcol S5ZaNI ScrFI Trull Hsp921T Bst71I
Aatl BSuRI BstNI Bsm=I EcoRII Mval Msel AZ1III Cvidl
Mall Pme55I RsaJl MsoR9I Aval BstQI TspEl BsolU11I Bsorl
gaggcaaggcctggggacacccgagatgectggttataattaacecagacatgtggetgeccecececacceaac base pairs
cteegtteeggaccectgtgggetetacggaccaatattzattgggtetgtacaccgacggggggoggygggtty 226 to 300
Stul Ecold7I Bst2UI BsoBI MspRYI TspSCSI  BstXI FsodHI

HaeIIl BseDI ScrFI Eco88I Bst2UI TruSl N1aIII BbvI
Fall SseRl BstOl Ama870 BstNl 33e9l Mspl Ltal
BbvI BsiYI Mspl BshNI BseDI ScrFI SspBI Fcol30T RstDSI

BspMI Mwol MnlI BseDI Benl Ecob4I BsaJl MspRYI Bsol4(7I 3ssT1I Nlelll

BsoFI 3stDEI  HohI Bscdl Neil MspRIT EccRIT Mval CviJI Rsal Neol Dsal
acctgetgectgagectcacceccaceeeggtgectggatettaggetetgtacaccatggaggagaageteget base pairs
tggacgacggactcggagtgggggtggggececggaccezgaatecgagacatgtggtacctectettegagega 301 to 375

Fspddl CviJI BsaJl MslI Scr=I NlalV 3stOI BstDEI Afal 3saJl Bsplil
Ital Ddel Bs1I Hoall Benl PspN4I Bst2UI BsrGI ErhI ZcoTl4I
Bst7lI B3iST HapII AccBII BstNI Ddel Czo6I Styl BseDI

FIG. 20
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Cvicl Bs1I BstZ0I NdeIT BstI Dpnl BsaJI ScrFI MnlT Fael HaelIl
Cac8I BseDI MgpRII DpnIl MZ1I N1aIV AlwI Bst2UI Cac8I Cfrl Pall
BseRI Bsc4I BstNI Mval Sau3AI Kzo91 3seDI Mval lphl 3stDEI CvidI

ctasaaataaccctgteectggtggatecagggtgaggggeaggetgagggeggecactteccteagecgeaggt base pairs
gatttttattgggacagggaccacctaggteccacteceegtecgacteccgecggtgaagggagteggegteca 37€ to 450

Alul BsaJl BstOL BstYI Bsgld3I EcoRII MspRI9I BsiYI Mnll Ital Acil

MnlI ECORTT ScrPT 3stX2T XholT AcIWI BstOT BsIT CvidT FspdHT Ddel
Hsp9211 BsiYI BsmFI Mool BamHI PspN4I BstNI Rsc4Il Ddel BsoFI BSuRI

MnlT Acil Neol 3stDST FspdHI  Bsql

BStDEL 331YI Mwol Tsp509I Styl 3seDI HspY2I1 Bscdl

Cvidl BspMI Bscdl Sfcl Cvidl 5391  Bcol30I N1alIl Bbvl BslI

ttgttttcccazgaatggtttttetgettetgtagettttectgteaattetgecatggtggageagectgeact base pairs
aaceanagggticttaccacaaagacyaagacetegaaaaggacagtteagacggteccacctegteggacgtga 451 to 528

FsodiI ERIN 38tSFI TspEl  Brhl EcoTl4I Ttal CacBl

Ital Alul BssT1I BgplSI CviJI BsivI
BscFI BszJI Dsal BsoFI 3st711

Bsrl Neil

Bsell MspI MsoRII Stcl 3sc4l

BseNT 351ST ScrPl Cvidl Sfel Bsll Sfel

gggcttetgggagaaaccazaccgggttctaaccttteagetacagttattgectttectgtagatgggegacta base pairs
ccegaageccctetttggtttggeccaagatiggazagtegatgteaataacggaazggacatetaccegetgat 526 to 60C

TspRI Ipall Alul BstS7I BstSFI
CviJl depll BstSPI BsiYI
BsrSI Benl
BstOI 3au96I BsuRI BstNI BstYI Bspld3I
Mol BsmBI BseDI Mval AspS9I EcoRIT BstiUI Seu3Al KzoSl
CviJI Alw26T EcoRIT Bst20T CviJgTl 3s1T BstOT DonIT 3zmAT

cagcceceacceccacccecgtetectgtatecttectgggectggggatectaggettteactggaaatttecce base pairs
gtcggggtgggggtgggygcagaggacetaggaaggacceggacccctaggateegzaagtgacctttaaagggg 601 to 675
BsmAT BsaJl ScrFT HaelTT 3siYT MsoR9T Mbel Mf1T
Fsp3T BstNT Cfr13T Pall 3s2J1 Scr=T Ndell BstI
MspRYT Asul Bscdl 3seDI Mval BstX21 Xholl

N1alV StyI EcoT14T BseNT TspS09T Bst2JT Bfal Plel Cac8T Scr=T N1eTTT FeoT221
3rhI BsaJl CvicT 5se9T1 EcoRII Mval Mael MaeIII BstOI MwoIl Boul Zsoll

DpnT BInI AlwI TspRT AcsT BseDI ScrFI CviJT CviJI EcoRIT Cac8T Nspl Mphll
ccaggtgctgtaggetagagteacggetecceagaecagtgettgretggeatgeatggttetgeaccteraact base pairs
ggtccacgacatecgateteagtocegagggttetigteacgaacggacegtacgtaccaagacttggaggttga 676 to 750

PspNAT AclWI Mael Bsell BsaJl MspROT BstSFT N1alV BStNT Mval Hsp9211 Nlal

AvrIT BssT1I Bfal BsrI Apol BstOI Sfcl HinZI Psp¥4T MspROI PpulOI Nsil MnlI

Ecol30I BseDI BsrSI TsoEI BstNI AlwNI TspdbI TspRI 3st2JI Pael Sphl Hsp9211

FIG. 20 (Cont'd)
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BsaJT BslI
StyI Bscdl Mwol 3cell
031 Ecol30I CvidI MnlI NlalIl  CviJI 3sr31

gcaaaasatgacacataccttgececettggaaggctgaggeegggggattgecatgagtgcaasgecagactggy base veirs
cgttttttactgtgtatggaactgggaacctteegacteegteccectaacggtacteacgttteggtetgacee 751 to 825

1T ErhI BseDI BstDFI Hsp92II 3seNI
BssT1I BsiYI Bsrl
EcoTl4I  Ddel
Msel BsoBI
Atsl  Bsmal 1'5p5091 kcog8l
TthlllI SsefI Amad7I

tggcatagttzgaccctgtetcaaaaaaccaaaaacaattaaataactaaagtcaggcaagtastectacteqgg base cairs
accogtatcaatetgggzcagagttttttggtttttgttaatttattgatttcagtecgtteattaggatgageee 826 to 900

Aspl  Alw26I TspEI Beol
Trudl Aval
Trull
NspI  PalI CviJI ScrFI Bfal
BsmAT Af1III BstDEI CacBI Bst2JI PstNHT BstSFI
Alw261 MnlI BsoLUL1I  HaeIIT BstOI Cvidl Accl

agactgaggcagagggattgttacatgtetgaggecagectggactacatagggttteaggctagecctgtetac base pairs
tetgactecgteteectaacaatgtacagactecggteggacctgatgtateccaaagtecgategggacagatg 901 to 975

Ddel Mnll MaeTTT N1aTTT CviJI BetNI Mval NheT CviJT Sfcl
BstDEI Hsp9211 BsaRI MspRYI Mael
DdeI MnlI EcoRII Cacll
DreIl CviJl M3pAll Mwol Bst2UI ECORII
Asul HaeIll Alul FspdHI BstOI Hsp92II
Cfr13T PslI Pvull Ttal  =coRIT ScrFI BstNI

agagtaaggccctettteanaaacacaaacaasatygtteteccagetgetaatgeteaccaggcatgaagecty base pairs
tctcatteegggataaagtttttgtgtttgttttaccaagagggtegacgattacgagtggteegtactteggae 976 to
1050

Sau96I 3uRI CvidI BhbvI BStNI NIlaIlI
Fco0l09T NspBIT Rst71I MSpR9I CviJI
As0591 3s0F1 HphIl Mval  BstOI
Mval
Bst2UI BstDEI MaeIIl
Mwol BsrDI 3srDI MnlI Cac8I CviJI Ddel MnlI CviJI

gtgageattageastgasggeaatgazggagggtgetggetacaateaagyetgtgggggactgagggeaggety base pairs
cectegtezateogttacttecgttacttecteccacgaccgatgttagttecgacaceeectgactecegtecgze 1051 to
1125
MspR9T MwoT Cvidl RsmFT  Cac§I
ScrFI
Hpal

FIG. 20 (Cont'd)



U.S. Patent Jul. 21, 2015 Sheet 23 of 108 US 9,084,814 B2

N1aIV 3coX3IT Bst2UI BsaJl 3st2UI Bcal ScrFI
Asul Haelll BstNI Cvicl 3stNI Hinfl BsiST Becdl
CviJgl Cfrl13T CviJI 3stOI MaelIl BstOI BsmFI NIaTIT Mspl 3siYI

taacaggcttgggggecagggettatacgtgectgggacteccaaagtattactgttecatgtteceggegaagg vase pairs
attgtccgaacceecggteccgaatatgcacggacectgzggattteataatgacaaggtaczagggeegettee 1126 to

1200
Sau%6I Pall BseDI Mval BseDI Mval Hsp92I1 HapIl
AspS9T 3suxI MsoRYI BsaAl MspROI Plel Neil MsoR9I
Psp¥4I BsaJl ScrFI EcoRII ScrFI Hpall Bsll
Sau9eI Cac8I BsmFI Ddel Bsrl 3ssT1I  FspdHI
AspS9T Pvull Acil Bfal BseNI srhl BseDI Cvidl
CviJI Alul Faul Alul Plel Ddel N1eIV BsrSI CviJdI EccTl41 Bst71I

gecagetgteccecgecagetagacteageact tagtttaggaaccagtgageaagtcagoect tggggeagece case pairs
cggtcgacaggoggeggtegatetgagtegtgaateaaatectiggteactegtteagtegggaaceccgteggg 1201 to

1275
Cfrl13I BsuxI MspAlI Mzel BstDEI PspN4TI TspRI 3¢01301 BsoPI
JacIII CviJI CacB8I HinfI Bscll Styl Hgll Ital
Asul Pall NspBIT CvilI BstDEI 3saJl Mwol BhvI

CviJdT 35sT1I N1alIT CviJT Cac8T BstNI CZrl13T Ecod47T BsiYT BseDI Bmyl
Bs1T Fcol30T 3seDT Hso92IT Ttel Bsgl BstOI Sinl Avall BslI HapIl ScrFI
HaeIIl Ncol Dszl BstXI FsodHI Bsadl ScrFI Sau96I PspNAI BsaJl Sdul
atacazggccatggggetgggezagetgcacgectygggtecggggtgggescggtgeccgggeaacgagetyaaa base 0airs
tatgtteeggtaccecgaceegttegacgtgeggacccaggecccaceegtgecacgggeeegttgetegacttt 1276 to
1350
BscdI BsuRI BsaJl Bspl9T Cacfl 3bvI BseDI Mval HgiEI 3sc4l dpeII MspRII
BsiYI Erhl FcoT141 CviJgl Alul 3st711 MspRYI Bmel8T AspS9T Msol Ncil BsplZ86I
Pall StyT BstDSI Mwol BsoFI FcoRIT Bst2UT Asul NlaIV BsziST Benl Fcobdl

N1alV Eco281 Sdul Hpell Srfl Alul Sau9hI HaellT BmyI Bsc4l BsiYI Mval EcoRIT
AccBIT C£r9T1 BsoBI Benl ScrFI CvicTl PspOMI PspN4I Bspl286I 3sedI 3st0I CviJl
Banl Ama87I BseDI BmyIl HapIIl CvidI Cfrl13I Dzall CviJI 7riCI MnlI 3stNI BsmFI
gceteatetgetotoaggggoecctecctggggacageceetectggetagteacaceatgtaggetectctatat hase oairs
cgagtegacgagagtccceggggagggzacecctgteggggaggaccgateagtgtgggacatecgaggagatata 1351 to
1425

BshNI Bcol 3saJl 38151 MspROI Alul Bspl20I NlalV BsuRI Apal BseDI Bst2UI 3stNI

PgoAl ¥mal Ncil Mspl Smal Ddel Asul AspS9T Sdul BanIl EcoRII SczFI 3stOI
Pspl4T Aval Bspl2861 PspALT BstDET EcoC109T Pall Eco241 BslT MsoR9I Mall
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MaeT BstSFT BseDI Scr+T Buyl Ttal Cvill HaelIT Xbal BstYT Sau3AT KzoST
Bst2UI Sfcl PspN4I BstQI BsplZ36I Bscdl Zeel BsuRI AcceBSI NdeIl BstI Nlalv
MgoR9T Ts045I MnlI BstNI Sdul Fspd4HI BsiYI CvidIl Acil BZal MboI ME1I MnlI
aacccaggggeacaggggetgeccccaagetggeegetetegaggateocegggactagazsttcaccatgtetag base paizs
ttggoteccegtgteoccegacgggygttegaceggegagatetectaggggecctgatettaagtggtacagate 1426 to
1500
Mval MaeIII BseRI MspRSI ALwNI Bbvl Alul Pall Ital Mael 33tX2I XhoIl AclWI
CviJgI Cvicl BsaJl 35t2UT Cvicl Bst71I CfrI BsoFI 3szBI Dpall BamHI Dpnl
ScrFT Bfal N1aIV EcoRII Mval BsorI BslI Cac8I FsodHI RBstD102I Bspld3I PspNdI

BsaJl Fco88T Hpall Mael TspEI Xozl Tru9T AspLEI BovI HinZI
Ema871 BsoBT HapIl Bfsl Apol Mzel Msel Hial Fsoddl Mnll Trull

BseDl Aval Neil Scril 3am<l I'so5051 HinP1l Cvidl T'rudl I'Fil I'~u91
attagataaaagteaagtgattazcagegeattagagetgcttaatgaggteggaategaaggtttaaceacceg bese pairs
taatctattttcatttcactzattgtegegtaatetegacgaattactacagecttagettccaaattgtiggge 1501 to
1573

3cel X¥meI Mspl Smal AcsI HohI Bfal Hinel BsoFI Msel Ttad381 Msel
AlwI Cfr9I Benl PspALI EcoRT Hsp92I1 HspAI Alul Bst71I Taql

PspAl BsiSI MspRYI SseSI N1aIIT Tzull Cfol Itsl Trull

Bbvl Mwol
Alul Itel Nspl Faul
HindIII BsorI TspRI NlaIII Cac8I TthHBEI

tagactegeccagaagettggtgtagageagectacactgtattggeatgtaaaaaataagegggetttgetega base pairs
atttgagegggtettegaaccacatetegteggatytyacataacegtacettttttattegecegaazcgaget 1576 to
1650

CviJI FzodiI d8p9211 Acil Tagl
BstXI CvidI Cvicl
Bst7lI
Boill Ddel NlzIv Dral
HinlI Hgal BshNI Trull Cacfl
AcyI MslI Ecobdl TruSl BsiYI CvidI

cgecttagecattgagatgttagataggeaccatacteacttttgeectttaaaaggggeaagetggceagattt nase pairs
geqgaateggtaactetaceatetateeqtaogtatgagtgasaacgggaaatttteccettteqacegttetaaa 1651 to

1725
3s5aHl Cvicl Banl MseI Bsll Alul
Mspl7I BstD<I Acc3ll EcoNI
HspY21 PspN4I Bscdl
Afal
DdeT Ms1T BsrDI Csp6I

tttacgeaatzzogetaaazgtittagatgtgetttactzagtcategoaatggagoeaaagtacattecagatac nase pairs
zeetgcgttattgegattttczaaatetacacgaaatgattcagtagegttacetegttticatgtazgtetaty 1726 to
1500

3IstDET Rsal
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Stel

Pall T3sp5091

Haelll TthH28T S5e91 CvidI Mael
acggcctacagaaaascagtatgaaactetegazaateaattagectttttatgecaacazggtttttcactaga base pairs
toccgostytetttttgteatactttgasagettttagttaateggaaacatacqyttgttecaaaaagtgatet 1801 to

1875
CviJl Tagl Tspzl Bfal
BsulI
Bstorl
BstUI Jin6I AspLEI Bspld3l
Thal JiaP1I Cfol Mbol Dpnl
AZ1TTT  Mwol Ddel RorbI1HT Haell DpnIl MooIT SfaNT

gaacqcgttatatgescteagegetgtggggeattttactitaggttgegtattggaagateaagageateaagt base pairs
cttgegeaatatacgtgagtegegaceccecgtzaaatgaaatecaacgeataaccttetagttctegtegttca 1876 to

1950
Mlul Bsal236I BstDZI Afcl Bspl43II NdeII
Accll JspAI Hhal SaudAl
MvnI Ecod7III BstH2I Kzo91I
Tsp5091 Mbol
Ital TthHBSI 3clI
Mboll BsoF1 CvidIl Sse91  Fbal

cgctaazgaagaazgggaaacacctactactgatagtatgecgecattattacqacaagetategaattatttga base pairs
gegatttettettteectttgtggatgatgactateatacygeggtaataatgetgttegatagettaataaact 1951 to

2025
“spdHT AluT  TspRT  DpnTT
Acil Taql NdeIT
Ksp221I
KzoYI BssT1I CviJI TspEIl MocI Dpnl
Bspl43I BsceDI Mwel Pall $5¢9I NdeIl ~zuNDI Trull
SauAl 3sadl Rsgl HaelIl  Fkal Sau3Al Acil T~u91

tcaccaaggtgcagagecagecttottatteggocttgaattgateatatgoggattagaaaaacaacttaaatg base pairs
agtggttecacgtetegoteggzagaataagecggaacttzactagtatacgectaatetttttgttgaatttac 2026 to

2100
Dpnl Styl MslI CviJl Cvidl DonII KzodI Msel
Fg01301 HohI Cac8I BSuRI BeclI Bgpld3l
ErhI Ecoll4I Ts0509T Ksp22I Ndel

HgiBT As0S9T Acil Bso=T Thal MwvnI Cac8I Bshl2361 Afal Tagl Eco01091

Fme18T PspN4T Csp6€T FspdHT AccTT Hhal AccTT PFI23TT Tsph09T D-aTT

Cfrl3T N1alV Bshl12361 Ital BsePI Acil Thal Pspll Rsal TthHBBI AspSSI
tgaazgtgggtecgegtacageegegegegtacgaaaascaattacgggtetaccategagggectgetegatet base pairs
acttteacccaggegeatgteggegegegeatgetttttgttaatgeccagatggtageteceggacgagetags 2101 to
2175
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SinI Avall AccIl Rsal inPlI BstUI CZol BstUI Sunl Ssef1 CZrl3T Haelll
Sau96I Thel BstJI CviJI BssHII 3shl12361 Mvnl BgiWI TsoEI Saud6l Cvidl
Asul Fcod7I Mvnl Afal JspAl Hin6I AsoLEI Spll Csp6I AccI Asul MnlI

CacBI Sau3AI Benl Hinll Hgal Xsp6321 BsoFI PspN4T BstUI BseDI Mvnl Faul

Pell NdeIl BsiSI HeeII Hsp92I Femll04I Cac8I NlalV Hinel AspL=I AccII Zspl

I'thiB8I Kzo9I Mspl Mscl7I BslI Farl CviJl Acil Thal Acil BsaJl BstUL Sfr3
ccoggacgacgacgeeccegaagaggeggggetygeggeteegegeetgtecttteteccegegggacacacyeg base pairs
gggcctgetgetgegggggettetecgeceegacegecgaggegeggacaggaaagaggggegecctgtgtgege 2176 to
2250

DpnIl Denl HpelIl Boill Bsc4l MnlI Mwol CviJI AccIl Haal 3stDSI Rsal236l

TagT Bsol43T MspROT AcyT BsiYT AciT TspdHT HspAT 3Ish1736T Dsal Nsp3TT SstTT

BsuRI Mool Ncil ScrFI BsaHI MboIl Faul Ital HinP1I MvnI CZol Thal MsphlI Cf-421

Acil AccII AspLEI TindIT CviJI 3shl12851 BstOI Ecl1346IT BmyI Sacl BsiiZAT
SacIT Thal Mynl TthiB8T AspS9T PspNAT CvidT MspRIT Alul AsoHT 3anIl BstDFI
(31 HinP1I Hhal Accl Scu96I N1&IV PshAI BstNI BsmFI 3spl2861 FziQI Ddel
cagactgtegacqggecccccegacegatgteagectgggggacgagetccacttagacggegaggacgtggegat base pairs
gtctgacagcetgecgggggggetggetacagteggacceectgetegaggtgastetgecgetectgracegets 2251 to
2325
BsmFI BstUI Sall dincIl HeeIII BstMCI BseDI Mval CviJl BovlZI Alw2ll
HspAl 3sh1236I Cfrl13I Pall 33iEI EcoRII 3st2UI Sdul Eco24I Sstl Maell
dinéI Cfol Teql Asal BsuRI BsaOI BsaJl ScrFI EcolCRI Pspl24BI Mnll

BspLEI Nspl AccII Haal MamI 3se8I Bspld3I Nspl Beol ¥mal Hpall Smal
Hin€l Pael Spal BstJI Cfol TthiAR8I Mool AfIIII Tfil Ama$71 Neil Haell
HinPI1T N12ITT Thal Bsn12361 BsaRI Donll Dpnl  3sm®1  Bsadl FcoB81 Msol
ggcgeatgecgzacgegetagacgetitegatetggacatgttgggggacggggaticeeegggtecgggatttac vase pairs
ccgegtacggetgegegatetgetaaagetagaccetagtacaaceeccetgeccctaaggggeecaggecctaaaty 2326 to

2400
HspAI CacB8I HinP1I HgeI Bfal Taql NdeIT BspLJ11I  JinfI Cfr9T BsiSI ScrFI
HhaI Hsp92II Hin6I AsoLEI BsrBRI Sau3AI N1alll BseDI Aval Benl PspAlLl
Cfol Bbul HspAIl Mvnl Mael Bsnl36bI Kzo9I dsp321I PspAl Bso3I MscRII
HgiET PspNAT Ncil Plel HscAl Cf-1 BssT1I
SinI Avall BslI HapIl Acil Asplsl 3Fael Tagl Eral
Cfr13I EceodVI BsiYI BenI HinPII 3spl43II BsuRI SfaNI

cceccacgactecgecccctacggogetetggatatggecgacttegagtttgageagatgtitacegatgooct dase pairs
gg99ggtgctgaggcgggggatgecgegagacetataceggetgaagetcaaactegtetacaaatggetacggga 2401 to
2475
Bmel81 AspSSI dpall HinfIl F1al Haell CviJI TthHBEI Fcol301I
Asul Bscdl Mspl Mspa9l Cfol Bstd2l lell Styl
S5au961 N1aIV 3siST ScrFI HinbI Haelll BszJI

Tsp209I NdeIT BemHI Donl BseDI Aval Neil Scz=T AcchbI 3sal
BseDl Afal DpnII Bsol43T AclWI PspAl BsiSI MsoRSI Asp7l8I Afal
EcoT14T  Cspél BstYT Szu3ATl PspN4T Bcol Xmal Hpall Bco€dl NlaIV BslI
tggaattgacgagtacggtgggatggateccegggtaceggtegecaccatggtgageaagggegaggagetgtt oase cvairs
accttaactgcteatgecaccetacctaggggeccatggecageggtygtaccactegttecegetectegacaa 2476 to
2550
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Rsal BstFSI Mf1I Kzo9I AlwI =co88I Mspl Smal BshNI Bsc4l
SselI BstX2T BstI N1aIV Ana€7T BsoBI Japll Banl Cspbl Agel
TspEI MboI FokI %hcIl Bsacl Cfz9I Bcnl PspALI AccBII PspN4I

PinAT Cfr10T BsalTl BssT1T 3splYT BseRI BszJI ScrFT PspN4T BstOI TthHBET JaellT
3salWI dpall Bshl285I EcoTl141 dAsp92IT1 Mspl MsoROI Acc31I BstFSI Mval CviJl
BsiYI dapII Ecol30I BseDI N1aIII RsiSI Neil ZcobdI Bapl286I MspROI Alul
caccogggtggtgeccatectogtegagetggacggegzcgtzazeggecacaagtteagegtgtecggegaggg base pairs
gtggccecaccacgggtaggaccagetegacctgecgetgeatttgceggtgttecaagtegeacaggecgeteee 2551 to
2625
355AT 3s1ST BsiET Styl 3stDST MalT Hpall BenI 3aal Sdul FcoRIT ScrFI Maell
BszFI Mspl BstYCI Ncol Dsal dpal Alul BseDI MslI N1aIV BstNI Bst2UI Fael
3521181 Kpnl ErhI BsaJl Ms1I CvicI HepIIl HohI 3s8aNI Bmyl FokI Teql Cfrl

MspI Cfr10T Mwol Ttal Bsall BsiVI
Pall dapIl Alal 3srFI HapIl FspdHI EccRII
CviJI Mwol SfaNT Cac8I Bcobil 3sgT Hpall Alul Bst/1T Bspl286l

cgagggcgatgecacctacggeaagctgaccetyaagttestetgeaccaceggeaagetgecegtgeectygee base pairs
getecegetacggtyggatgecgttegactgggacttcaagtagacgtygtggeegttegzcgggcacgggaceygy 2626 to
2700

Hpall Begl Cyidl 3s3AT MspI BsoFT BscdI BslI
BsuzT MnlT 3321181 CvicT MwoI Sdul Bmyl
BsiST MnlI B31ST Cac81 BbvI BseDI BstNI

Mval Asul Msl1I Bsc4T BstNI Cac8I Ttal Itel
BstOI Sau96I BsuRI BssSI BseDI Mval Cvidl BsoFI
Scx=T AspSYT MaeIIl 3saJI ScrFI TspRI BsoFl N1aIII Bovl

caccctegtoaccacactgacctggggegtgcagtgetteagecoctaccecgaccacatgaageageacgactt base pairs
gtgggageactggtgggactggacccegcacgteacgaagteggegatggggetggtgtacttegtegtygetgaa 2701 to
2775

MspRIT HaeIIT Bsil BslI BstCI Mwol EcobTI Hs09211
3st2UT CvidI Mnll EcoRIT MspR9T Bsgl — FspdHI Fsp4HI
C£-13T Pz1T Tspd5T BsiVI Bst2UT AciT Bst711

MspROT Haal
HspY211 BstNI HinP1I
MboIT  Acil CviJl FcoRIT Mval Cfol  Mboll
ctteaagtecgecatgecegaaggetacgtecaggagegeaccatettetteacggacgacgycaactacaagac base pairs
gaagttcaggeggtacqgggettecgatgeaggtectegegtggtagaagaagttectgetgeegttgatgttetg 2776 to
2850
Nlalll MzeIT ScrFI Hinél
BstOI dspAl
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Bst2JI AsoLEI

Hin6I Acil BsaJl TtnHREI BstNI Hphl Alal
Thal MvnI Cfol MnlI EcoRIT S5¢rFI Tegl Tzql
HinP1I AspLET 3sll MnlI  BsaJl MspROI Acil CviJl Bco57T MnlT

cegegecgaggtgaagttegagggegecaceetggtyaacegrategagetgaagggeategecttoaaggegga vase vairs
gucgeggetecactteaageteccgetgtgggaceacttggegtagetegacttecegtagetgaagttecteet 2851 to

2925
HspAT Bsh12361 BsiYI BseDT Bst2JI  TtaHBSI TtAHBST
AccII Faul Bsc4l Hphl Ms1I Mval SfaNI SfaNI
BstUI Ihel BseDI Teql Bst0I
BstNI ScrfI Benl
BseDI 3zt20T Alul Cspél
FcoxIT FokI 3splZ84I CviJI Maell HphI

cggeaacatectggggeacaagetggagtacaactacateagecacaacgtetatatcaccgecgacaageagaa vase vairs
geegttgtaggscccegtgttegaceteatgttgatgtagteggtgttgeagatatagtggeggetgtiegtett 2926 to

3CC0
BsaJIl MspRYI CviJI Rsal Acil
BstEF5I Sdul Gsul
35t0I Mval Bmyl AZs
BsuRI MboI Bsol43l Bst71I Alul
Cvidl BstX2I DpnI TtadB8I  Itel  Ital BhbvI
MboIT  SfaNT BRstYT MTIT AlwT MnlT Bso®T 3s0FT Bstill

gaacggcatcaaggcceactteaagztecgecacascategaggacggcagegtgcagetegecgzaceactacca 0ase pairs
cttgeegtagttecggttgaagttictaggeggtgttgtagetectgeegtegeacgtegageggetggtgatggt 3001 to

3075
Haelll DonII XhelT Acil Fsp4HT FspdHI Cac3l
Pzll NdeIT Kzc9I Tagl BbvI Cvill
Szu3AIl AcluIl Cac3I Bsgl
HzelII BsoFI Byl BseNI 3stDEI
Asul Pall Itzl Bspl286I AciI
CZrl13I BsuRI 3bvl DdeI Sdul BsiHKAI

gcagaacacccoccateggegacggeccegtgetgetgeccgacaaccactaccetgageacccagtecgeectgag base pairs
cgtettgtgggggtagecgetgecggggeacgacgacgggetgttagtgatggactegtgggtcaggegggacte 3076 to
3150

SaubhT NlalV 3st71I BRstDET Alw21T Bs~I
230891 PspN4I AspHI BzrSI Ddel
CviJT  Fspddl Bov12T 3s¢ll

Thal Bshl1236€I Dpnl dsp%2IT Bpml FspdHI Japll NdeII AlwI
Hin6I MvnIl NdeIT N1aIITI Asul Gsul Bso=I MspI 3cnl Sau3al
HinF1T AsplRT Bsol43T Sau96T AsoS9T Ttal Hpall 3¢~FT Bspld3T
caaagacceczacgagaagegegateacatgotectgetggagttegtgacegecgeegggatcacteteggeat base pairs
gtttetggggttgctettegegetagtgtaccaggacgaccteazgeactggeggeggecetagtgagageegta 3151 to
3225
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HspAI BstUI Mool CZrl3I HgiEI TspdSI 3scdl 3siYI Mbol Donl
Hhal Cfol Sau3AI SinI Avall MaeIII BslI Neil DonIl AcliI
AccIT DpnIT Kzo91 Bmel8I Ecod7l  Acil 3siST MspRIT Kzo91

Bspl4071 BsoFI Ital CviJI BsaOI Bshal236I Szu3AI BsrBiI
NI1eTTT SspRT CFrT FspdAT Bsu3T AceTT HinfT DonTT MamT Mn1T
Cvill Afal 3ael Notl HaeIII Bsal2351 Plel Mool Dpnl CviyJl
ggacgagetgtacaagtaaageggecgegactetagateataateagecetaccacatttgtagaggttttactt base pairs
octgctegacatgttcatttegeeggegetgeagatetagtattagteggtatogtgtazacatetecaaaatgaa 3226 to

3300
Hzp92I1 Cspbl 3stZI EclXI Pall BstMCI Acil Bfal KzoSI Bshl365I
AluTl Rsal CciNT Eco521 BsiFI 3stUT Xkel Ndell BsaRI
BsrGI 3agl XmalIl Acil Thal MvnI Mael Bspl43T Bse8I
MunT HinelT
Trull Mvz12691 Msel
Tru9I Mnll MnlI Mfel BsaMI TruSI

gctttaaaaaaccteccacaccteccectgazcctgazacatazaatgaatgcaattgttgttgttaacttgttt base pairs
cgazattttttggagggtgtygagggggacttggactttgtattitacttacgttzaczacaacaattgaacaaa 3301 to

3375
Msel 332l TspbC9I Hpal
Dral REEE Tzull
TspEl HiadII
Alul A0l
Ital 3st71I Acsl
BsoFI MaeIll SfalNI TspRI

sttgeagettataatggttacasataasgeastageatcacaaattteacaastazageattittttcactgeat base pairs
taacgtogastattaccaatgtttatttogttategtegtgtttaacgtgtttatttegtacascaagtgecgta 3376 to

3450
FspdHI 5se9l
CviJl TapEL
BhbvI Tsp50 91
BsaMI MspCI T3p509T AcsI
Mval2691 Bst 981 Sse9T Trull Trull
BspTI Msel Trudl Trud9I Tsod

tetegttgtggtttgtecaaacteatezatgtatettaaggegtaaattgtaagegttaatattttgttaczaatt vase pzirs
agatcaacaccazacaggtttgagtagttacatagaattccgeatttaacattegeaattataazacaattttaa 3451 to

3525
BsmI AZIIT Tmall Msel Msel Apol
Mael Vhad6dl  TspEl Sspl Ssefl
BfaTl BZrl Trubl TsoET
BstUI AcsI Msel
Thal Msel Apol Trull Pall
09T Tru8T Tsp5091 Cvill Tru91 Haelll

cgegtteaatttttgttaaatcageteattttttaaccaataggecgasateggeaaaatcecttataaatcasa oase paizs
gegeaatttzaazacaatttagtegagtaazaaattggttateeggotttagoegttttagggastatttagttt 3526 te

3600
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Bsh1236I Tspfl Alul Msel CviJI
AccIl Sse9I  Trubl BsuRI
MynI Trull Trull

Mael BstxX2I Acil
AluI Dpall MEfII Dpnl Afal
CviJI Bst¥I 3spld3l Cvidl MnlI Cspé6l
agaatagaccgagagetageggatetgacggtteactaaaccagetetgettatatagaceteccacegtacacy hase pairs
tettatetggetetegategectagactgecaagtgatttggtegagacgaatatatetggagggtggeatgtge 3601 to
3675
Nhel CacBT Sau3Al AclWI Alul Rsal
PStNHI Mbol X20I1 Alwl
Bfal NdelIl %z09I

Nlalv
RshNT
Faul Hgal Acil BsmFI Fcobdl
cctaccegecatttgegtcaatggggeggagtigttatgacattttggaaagteecegttgattttggtgccaaaa base pairs
gyatgggeggtasacgcagttacccegeeteeaceatactytaaaaccttteagggeaactaaaaccacggttit 3676 to

3750
Reil BanI
AccBlI
PspN41
Maell MspRIT Cfrl13T Faul
BbiII Aatll SCORIT Mval Asul CviJl
HinlT AcyT  AciT AciT BstNT BglT AspSeT MaeTTT

caaactcccattgacgteaatgggegogggtegttgggeggteagecaggegggecatttacegtaagttatgta base pairs
gtttgagggtaactgeagttaccegeccecageascecgecagteggtocgeceggtaaatggcattcaatacat 3751 to

3825
Mspl7I Faul CviJI ScrFI Cac8I Pall
HspS21 BstOI MwoI AciI BsuRI
BsaHI Bst2JI Sau%6T Haelll
Mynl Asel Mph11031
Accll BsiVYI Tsp5091 Trudl Nsil
Acil Bscdl SsedI Asnl Trull Zsp2l Acil

acgcggaactecatatatgggetatgaactaatgacceegteattgattactattaataactaatgeatggeggt base pairs
tgegecttgaggtatatacecgatacttgattactgoggeattaactaatgatasttattgattacgtacegeca 3825 to

3900
Thal BslI TspEI Vgol Ppul0I Hsp82II
BstUI Cvidl PshBI EceT221
Bsh12361 Msel NlaTll
Nsol Cac8l CviJI MspRYl
Nlalll Pall  Bsi¥I BstNI
Hinfl BspLU11I HaeIII BslI BsuRI

aatacggttatecacagaatcaggggataacqcaggacageacatgtgageaaaaggecageaaaaggecaggaa hase pairs
ttatgccaataggtgtettagtecectattgegtectitettgtacactegttttecggtegttttecggtectt 3901 to
3975
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Tfil Af1III CviJI Bscdl EcoRII
HspS211 BSuRI Hzelll
Pz1T BstCI
CvicT Thal Mwol
N1aTV BsiYI FspdHI Bshl23el PapN4T
Bst2UI BslI 3suRl AcclI CviJI Acil SfaNI ~ TthHREI

cegtaaaaaggecgegttgetggegtttttecataggetecgecceectgacgageateacaazaategacgete base vairs
ggcatttttceggegeazcgacegeazaaaggtatecgaggeggggggectgetegtagtgtttttagetgegag 3976 to
4050

Mval BscdI 3s0FI BstUL NlaIv Tagl Hgel
Scral Haelll Mvnl Cac8l
PspN4T Pall Ital Acil
Bst2UI BstOT Alul BssSI
BstOI EcoRIT Mval HinP1I
D~dT MnlT SCORIT Mvel BsaJl Bst20I  MnlI Hhal

aagtcagaggtggegaaaccegacaggactataaagateccaggegttteceectygaagetecctegtgegete base pairs
ttcagtctecaccgetttgggetgtectgetatttctatggtcegeaaagggggaccttegagggageacgegag 4051 to
4125

BstNL Bsebl Scr-l Bsil
VMspRYT 35tNT Cvidl HspAT
Scril Msp2 91 Hin6I
BsalWl AsplEI
Ttal Bscdl Hepll Hin6I Haell
BsoFI BslI Mspl Acil HinPlI BstH2I

teetgttecgacectgecgettaceqggatacctgtecgecttteteccttegggaagegtggegettteteatag base pairs
aggaczaggctgggacggegzatggectatggacaggeqgazagagggaageccttegeacegegaaagagtate 4126 to
4200

AsSpLEI FspdHT BsiSI HspAI Bspld31l
Cfol Acil Hoall Hhal
BsiYI CZol
35p12861
CviJI Vacl Buyl
Sfel DdeT Cvidl Alwddl Alw211

cteacgetgtaggtateteagtteggtgtaggtegttegetecazgetgygetgtgtygeacgaacceceeyttea base pairs
gzgtgcgacatocatagagtcaagececatecageaagegaggttegaccegacacecqtgettggegggezagt 4201 to
4275

BstSFI BstDEI Alul CvidJI Sdul BsiHKAI
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Alul Apall 3bvl1Zl
AspHI
NspBIT HinP1I Cfol Haoll MspI BsrI
BstMCI Acil BbvI Bsalil Beal Scrfl BacNI
CviJdl BsiEI BsoFI Hin6l BsiSI dinfl BsisI TspRI

gccegaccgetgegecttatecggtaactategtettgagteczacceggtaagacacgacttategecactgge base pairs
cgggetggcgacgeggaataggecattgatageagaacteaggttgggecattetgtgetgaatageggtgaceg 4276 o
4350

3sh12851 Ttal Hhal Fpall Plel Ncil MspRYI 3srSI
3sall FspdHI 3stT1I Mspl Hoall 3gell
MspAll HsoRI AsoLzI Mezelll HapII
Itel Bzell
Bst71T BsrST BatSFI Pall
FsodHT Tspll MnlI Acil Haelll

zgcagcecactggtzacaggattagcagagegaggtatgtaggeggtgetacagagttettgzagtggtggectaa base pairs
tcgteggtgaccettgtectaategtetegetecatacateegecacgatgtetesagaacttcaccaceggatt 4351 to
4425

Bovl Mzelll Sfel CviJI
CvidI BselNI BsuzI
B3scFI AlwNI Bs»I

AspLET BseNI
Bsi¥YI HinbI MaelIll
BslI Mael HinFlI 5¢c0571

ctacggetacactzgaaggacagtatttggtatetgegetetgetgaagecagttacctteggasazagagttgy hase pairs
gatgccgatgtgatettectgteataaaccatagacgegagacgactteggteaztggaageettttteteaece 4426 to

1300
3scdl 3fal HspAl CviJI Bsrl
Cvigl Hhal BsrSI
Cfol Bsell
Sau3AI Hapll Bst71I AcclI
NdeIT Hpall Acil FspdHI HspAl
CviJI KzoSI Mspl N=pBII Acil Cac8I BbvI Mwol BstUI

tagetettgateocgyeaaacaaaccacegetggtagoggtggtttttttgtttgraageageagattacgegeag base pairs
atcgagaactaggecgtttgtttggtggegaccategecaccsaaaaascaaacgticgtegtetastgegegte 4501 to
4575

Alul DpnlIl BsiSI MspAll Bso=1 HinP1I
MboIl Dpnl AlwI Ital Thel
Bsol431 Aclwl Hingl

Hhal  NdelIT Kzo9T1 BstX2T XhoIT Dpnll
Bsh12361 Szu3Al AclWl Mool Donl Alwl Kzo9l BstDsl Msel
BstYI Mf1T Alwl Sau3Al MboIl Sau3Al Hgal TsoRI Mzell

aasazaaggatctcaagaagatectitgatettitetacgggotetyacgeteagtygaacgaaasctcacytia base pairs
tttttttectagagttettetaggeaactagaaaagetgecceagactgegagteaccttyetittgagtgcaat 4576 to

4550
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Cfol DpnII XhoIIl BstYI Bspl43I Mbol Dpnl Ddel Trudl
Mvnl BstX2I Dpnl Denll MELI AclWI 3spld3l Trull
AspLEI Mool Bspld3I NdeIl KzoSI Ndell

MbeI Bspl43T Bfal 3au3AT AclWI Szc9T  Trull
NlaIII 35tX21 Dpnl Mael BstX2I Dpnl Trull Trull
3spHI 3stYI ME1T AlwI Dpnall MZ1I Alwl TspEI  Trudl
agggattttggteatgagettatezaaaaggatetteacctagatecttttaaattasaastgaagttttaaate base pairs
tcectazaaccagtactetaatagtttttoctagaagtggatetaggacaatttaattitttactteaaaatttag 4651 to
4725
scal DenIT XheIT MbeIT Mbol X20IT Msel Tru9T Drel
Hsp9211 NdeIl KzoSI Hphl NdelIl KzoSI Dral Msel Msel
Sau3AI AclWl BstYI Bspld3I Tzu9I TsobC9I

CvnI CviJI Drall CvicT Fspddl BsoFT BsaJl Eco24I
Ddel 3su361  Asul Haelll BsoFI BsiYI Rst71T Sdul
MacIII Aocl Mnll Cfrl13T Pall Cac§I Bsc4l RbvI EcoRII
aatctzaagtatatatgegtaacctgaggctatggeegggectgecgeccegacgttggetgegageectgggee base pairs
ttagatttcatatatacteattyyactecgatacegteeccyyacygeggggetgcaacegacyetegggaceegy 4726 to

4800
Sco8lI Sau96I BsuRI Ttel BslI Ital CviJI BmyI
35211 Eco01C9T Mwel Maell CviJI CacBI Bspl286I
3stDEI AspSYI AlwNI Acil FspdHI BseDI =rilI
ScrFI AspS9T 3sivI MvnI Faul  Jaelll EslI
3stNI C£r13T Pall Bscdl AcclIl Azul Pall BsiYI Bsal
3anIT Mval Asul HohI MooTI Cacl Cfr13T 3suRI Alw26T

ttcaccegaacttgyggogtygggtyyggsaaagysagaascgeggyegtattggecccaatgyggtetegotyy base pairs
aagtgggcttgaacceeccaceecaccecttttecttetttgogeecgeatasceggggttaceecagagecace 4801 to
7

i

BstOI SauS6I BsuRI Thal Acil Sau96I NlaIv Eco3ll
33t201 CviJI BslI BstJI AspS9T PspVdI BsmAT
MspRIT Haelll Bsh12361 CviJT Bscdl

ECORIT MspRYI S21961 BsmFI Mvnl
BseCT BstOI CZrl2I Ecod7I Accll
TthHBR3I Cac8I BelI ScrFI Bmel8I VlaIV BstUI

ggtatcgacagagtgecagecctgggacegaaceccgegtttatgaacaaacgacccaacacegtgegttttatt base pairs
ceatzgetgteteacygtegggecectggettgggyegeaastacttgttitgetyggttgtggcacgcaaaataa 4876 to
4950

Tagl Cvicl BstNI Mval Asul PspN4I Faul

BseDI BsiYI Sinl Avall Thal Acil
BscdI Bst2UI HgiPI AzpS9T1 3shl236l

Thal Bsh12361 Mspl Styl
JspAl BstUI PspN4I Ecol3
Mwol Hhal AspLEI BsiSI Alw26I CvidI AvrlI

ctgtetttttettgecegteatagegegggticcttecggtattgtetecticegtgtttcagttagecteceeet bese pairs
gacagaaaaataacggagtatogogeccaaggaaggecataacagaqgaagqeacaaagtcaateggaggggga 4951 to

5025
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HinP1I Cfol NlaIV HeoIl BsmAl Mnll
Hin€l MvnI Faul Hpall Erhl
AccII Acil BsaWI ElnI
FcoTl41 BstX2T Kzo9T1 HsoAI Bshl236I Cfol Bspld3I MroNI Bsell8I
0I Bfal N1aIII Bspl43I Thal MvnI Hhal Mool Gsul AclWI Cviygl

Mael BslI MooIl Gsul BstYI Mbol Dpnl AccII Bscdl AsplZI Kzo91 FokI Bsr=I
cg99gtgggcyecgaactecageatgagateceegegetggeggateatecageeggegteccggeaaacgattee base pairs
teoecaccegettottqaggtegtactetaggggegagacetactagtaggteggecgeagggecttttgetaagy 5026 to
5100
33sT1I Bscdl BpmI DpnII Sau3Al AlwI BstJI BslI NdeIl MnlI Bst=5I NgoAIV

BsaJi BsiYI Hspl2I1 XhoIT HinP1I Taul BsiYT Szu3AT Dpnl BssAI
BseDI NdeII MfII AclWI Hin&I Acil DpnII BpmI AlwI NgoMI

Cac8T AcyT 3enl BsmFI Ttal Bbill
Hpall BbilITl BsiSI ScrFI BsorI Hinfl HinlI Hgal
MspI Msplil Neil Mep291 FspdHI  TthHBBI 3siI BspMI Bseil
gaagcccaacctttcatagaaggeggeggtggaatcgaaatctegtgatggeaggttgggegtegettggticggt base pairs
cttegogttggaaagtatettecgeegecacettagetttagageactacegtecaaccegeagegaaceageea 5101 to
5175

HapIl Hso921 Hoall TZil Acil Taql 33551 Mwol Acyl
CZr1CI Nael BsaHI MspI dinfl TfiI Mspl71
BsiSI HinlI Hgal HapII CviJl Hsp921
BstRI Bouldl Acil HheI BLbvI
LspI NsoV DdeI BstD1021 Hin€l BsoFI Tfil
TthHRET  HinfT BRsmFT Rsr3T HinP1T FspddT

catttecgaaccecagagtecegeteagaagaactegteaagaaggegstagaaggegatgegetgegaateggga base palrs
gtaaagcettggggtetcagggegagtettcttgageagttettcegetatetteegetacgegacgettageeet 5176 to
5250

Sful Taql Plel AccBSI HsphI Cfol Finfl
Cspd5I Faul MeoIl SfaNI Ttal
Bspl191 3stDEI AspLET Bst7lI
BsrBI MboIl

Ttal Acil MnlT Ttal Ksp6321

BsorI 3511 Acil BsoFI Cvicl Famll104I CviJl

gcggcgataccqgtaaageacgaggaageggteageccattcgeegeceagetetteageaatatcacgggtagee hase pairs
cgeegetatggeatttegtgcetecttogecagtegggtaageggeggttogagaagtegttatagtgeccategy 5251 to

5325
FspddT 35551 Cvidl FspdHT Alul Sapl
AccBSI Acil Earl
BstD1021 EcobTT

Cpol Asul Acil NgoMI BsiSI CfrI BsuRI Ital BsuRI

BsiYT HgiET AsoS9T NgoATV HapIl CviJI HinfI BsoFT Acil

Bscdl BmelSI Avall MroNI Bsell8I Haelll Tfil Bael Cvicl
azcgctatgtectgatageggtecgecacacccagecggecacagtegatgaatccagaszageggecattttee b
ttgcgatacaggactategeeaggeggtgtgggteggecggtgteagetacttaggtettittegecggtaaazgg o

5400
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2se pairs
326 to



U.S. Patent Jul. 21, 2015 Sheet 35 of 108 US 9,084,814 B2

BslI Sau%6Il Zco47I BsrFI Msol Eael Pall Cfrl Pall
Cfr13T RsrIT  BssAT Cfr10T Nael TthHBST Fspddl
5inI Cspl Acil CviJI dpall Cac8I Tagl Jaelll
3rhT EcoTIAT MaellT Ssu3Al Alwl Bbul
MslI BsedI N1alII BstX2I Xhell NlaIll
NlaIll Cac8I  MwoI BssTlI BstDSI BstYI Bspld3I Mnll Pael Cvidl

accatgatatteggeaageaggeategecatgggteacgacgagatectegeegtegggeatgetegectigage base pairs
tggtactateageegttegtecgtageggtacceagtgetgetetaggageggeagecegtacgageggaacteg 5401 to

5475
Hs09211 SZaNI Neol 350191 Dpnll MF1I AcIWI Cac8I Sphl  EcoRII
Ecol30T Dsal Tspd5T Mbol Kzo91 Hsp9211
Styl BseDI HspY2I1T NdeIT Donl NspI
MspROT MineT MynI CviJdI Mwol Sapl NdeIT TFokI Bspld3T Cf-101
BstNI HinP1I Cfol Sdul 3anIl McoIl Sau3AL DpnlIl TthH3BI Hoall
ScrFl CviJIl Hhal AspLEI BmyI SfeNI DpnIl Dpnl Mool Dpnl Bsz=1 Haell

ctggcegazcegtteggetggegegageceetgatgetettegtecageteatectgategacaagaceggettee hase pairs
geccgettgteaageegacegegeteggggactacgagaageaggtetagtaggactagetgttetggecgaagg 5476 to

5550
Mval Cac8l AccIl Cac8I Beo24l Farl Mbol BstF5T Kzo9T Bsell@I
BstCI dspAI BstUI Bspl2361 Eaml104T Bsol43T SaudAl BssAIL Mspl
Bst2UI Thal Bsal2361 FriOI Ksp6321 Kzo9I NdeIl Taqgl BsiSI CviJI
Afal  Bbvl2I Taql Mspl Mool AclWI
CspbIl  AspdI TthHBSI BsiSI Sau3AI
Bst251 Sdul Alw2ll I'thHB8 L 3s0Ml Denll Denl  Mwol

atcegagtacgtgetegetegatgegatgtttegettggtggtegaatgggeaggtageeggateaszgegtatge base pairs
tzggctezatgracgagegagetacgetacaaagegaaccaccagettaceegtecateggectagtiegeatacg 5551 o

5625
FokI MaeIT Bspl236I SfaNI Taql CviJI NdeIl AlwI
sal  Bmyl 3siHKAT Hpall Bspld3l
25aAl Cacll Hepll Kzo9l
CvicT Ttal MboT Rsol43T
Fso4HI Acil Cvigl BstX2I Dpal
Bst71I 3srhI NlaIIl dpal BstYI Mf1I

agcegecgeattgeateagecatyatggatactiteteggeeggagezaggtgagatgacaggagatectgecee hese pairs
tcggeggegtaacgtagteggtactacetatgaaagageegtectegttecactetactgtectetaggacgggyg 5626 to
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3s0FI BsoFl SfaNI HspY2II DpnII XholI
Ital FspdHI Ndell Kzo9%1
BbhvI Sau3Al AclWl
Ncil Scril Bbvl  Bsmrl Tth1lll  3myl Pvull Bsorl Fspl
BseDI Hapll Ital  Bsell Tspd51 Atsl 3spl2861 MspAll Hinél
AlwWI Hpell BsoFI 3srSI Faul Ecob571  TthHBST Alw21T NsSpBIT HspAIT

ggcacttegecraatageagecagteccticeegeticagtgacaacgtegageacagetyegeaaggaacyeee oase pairs
cegtgzagegggttategtegat cagggaagggegaagteactgttgeagetegtgtegacgegttecttgeggy 5701 to
5775

B3eJI Mspl Fspddl 2selNI Acil  TspRI Tagl Sdul BsiHKAI HinFlI
BsiSI MspRII CviJI BsrI MaeIll Maell AspHI CviJI Fsoddl Avill
3cnl Bst71I Aspl 3bv12I Alul Ttal BbvI
AsplEI Pall Ball  Ttal AccIl Hhal Ttal N1alV Bsi3I

Jhal CfrI MIuNI  CviJI Thal Acil ZspdHI BShNI Bspl236I

3st71I CvicI CviJdl BscFI Hin6I AsoLEI MnlI Eco64I BmyI HaplI

gtegtggecagecacgatagecgegetgoctegtet tgeagt teatteagggeaceggzacaggteggtettgaca oase oairs
cagcaccggteggtgetateggegegzacggageagaacgtcaagtaagtecegtggectgtecagecagaactgt 5776 to
5850
Accl6T Eael Mscl Mwol JiaP1T Bsh12361 BovI BanT Sdul MspI
MwoI BsuRI Fsp4dI BstUI Cfol 3st7lI AccR1I BsaWI Drdl
Czol HacIIT CaclI 3spAI Mvnl BsSoFI PspN4TI Hpall

Ncil KasI HinlI dspAI Ehel Haell Hin6I Hpall FspdHI BbvI
MspI MspR9I BbiIl BsaHI Hhal BstH2I Cfol Msol BsoFI fspdHI Bmyl
BsiST ScrFT Mspl7I Hin6l Cfol Bbel Hhal BsiSI BsiYI BsckFI Sdul
agaagaaccgggegecectyegetyacageeggzacacggeggeateagagrageeyattgtetgttgtgeceag base oaixs
ttttettggecegeggggacgegactgteggecttgtgecgeegtagtetegteggetaacagaczacacgggte 5851 to

5925
Hpall Fcobdl dsp921 NlalV Bspld3IT AsplEI HapIIl Ttal Itel Bspl28eI
HapIl Banl AccBII NarI PspN4I HinP1I MwoI Bsc4l Acil CvidJl
BenI BsaNT HinP1T Acyl AspLEI AspAl CviJI BslI SfaNI 3st71I
BselI Fagl Ecob21 BsiST BstMCI
CfrI FclXI BsuRI HapIl
Bsrl Cvicl Eael XmallIl Acil Mspl Cac8I NlalIll

tcatagecgaatageetetecacceazgeggecggagaacctgegtgeaateeatettgttcagteatgegazac base oairs
agtatcggettateggagaggtgggttegeeggectettggacgeacgttaggtagzacaagttagtacgetttg 5926 to

500C

CviJl Mnll BstZI Ttal Pall Bshl285I Asp9211
BsrST B30oFI daelll BsiFI RBsall
Bsell FspdHI CviJIl Hpall BspMI

MboI Dpnl AlwI NdeIT BanIIT Bscl Dpall CviJdl Blnl Mael Aatl Sse3l

DpnII MamI Bse3I BsmAI Bspl43I BspXI Clal Bspld3I Bsadl Bfal CviJdl Mnll

Bspl43T AcIWI FokI MboI Donl 3spl06I NdeII AvrIT BesTl1I Stul Ecold7I
gztecteatectgtetettgategatetttgeazaageectaggectecazaaaageetecteactacttetggaa bese pairs
ctaggagtzggacagagaactagetagasacgtttteggatecggaggtttttteggaggagtgatgaagacctt 6001 to
6075
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Kz09T Bsn13651 Alw2€l %7691 Bsa29T BseCI KzoBT Styl BseDI Haelll Cvidl
Ndell BsaBl Mnll  Dpnll "'thH381 Yegl Mbol Dpnl <cel30l PmeS51 3suRl Bsekl
5au3AI Bsr3RI BstF5I Sau3AI BspDI Bsul5I Saul3Al Zrhl EcoTl4I Pall Mall

BsuRI Bgll CviJI BseDI BssT1T Dsal 3scdl
DdeI  Pall BseDI Ital Acil Pell Tsp5091 Eral EcoTl4I BsiYI
CviJI  HaelIlIl MwoI Pzll BsaJl 3suRI Sse9I CviJI BsaJdl NlallI

tagcteagaggeegaggeggecteggectetgeataaataaaacaaattagteagecatggggeggagaatggge vase vairs
atcgegteteocggeteocgecggagecggegacgtatttattttttttaztcagteggtaceecgectettacceg 6076 to

6150
Alul Cvicl SZ1iT Fsp4HI MnlI MnlI TspIl Ecol30I Bspl9I AciI
BstDET MnlTl MnlT HaelIT Jaelll StvT BseDI dsp921T
BszJI BsoFI 3suRl Cvicl Ncol BstDSI Bsll
Acil FokI Cacll
Bsell Mwol 3SMFI Tsp5091 75021
Acil BsrSI AciI Acil Acil S3¢9I  Poulll

ggaactgggcggagttaggggegggatgggeggagttaggggcgggactatggtigetgactaattgagatgeat ovase pairs
ccttgaccegecteaatecoegeectaceegecteaatoccegeectgataccaacgactgattaactetacgta 6151 to

6225
BseNI “aul Feul TspEl SfaNI
Bsrl BstFSI NsiI
EcoT221
Bbul Mwol Bsadl ScrFI MspRII CaclI
Hsp9211 CviJI MspRII BstNI Tsp5091 Zsp2l
Mph11031 Cac8I N1aIV 33tNI BsmFI SexAT ScrFI  Sse9T  Ppul(I Mpall

gctttgeatactteotgectgetggggagectggggactttecacacctggttgetgactaattgagatgeatget base paizs
cgazecgtatgaagacgyacgaccecteggaccectyaaaggtgtygaceaacgactygattaactetacgtacya 6226 to

300
Pael Sphl PspN4T BstOI EcoRIT Mval  Tsp=zI SfaNI
N1alll ICORII Bst2UI BstCIL Neil
NspI BseDI Mvel Bst2UT LeoTZ21
Bbul Mwol Bsadl ScrFI MspAll
Hsp92II CviJI MspRII Alul
31 CacsI NlaIV BstNI Bsm=1 Pvull

ttgcatacttetgeetgetggggegectggggactttecacaccetaactgatacacattccacagetggttett base pairs
aacgtatgzagacggacgaceecteggacecctgaaaggtgtgggattgactgtgtgtaaggtgtcgaccaagaa €301 to

6375
Fael Sphl PspN4T BstOI CvidI
N12111 EcoiIT Bst2UI NspBII
Nspl BseDI Mval
Cval MnlI  Zarl N1alll
Ddel Bsu3el Faml1C4T Alw261 BstD1021
AciI Aocl Plel Sspl BspHI Acc38I

tecgecteaggactetteoctttttcaatattattyaageatttateagggttattgteteatgageggatacata base pairs
aggeggagtectgagaaggasazaghtataatzacttegtasatagteccastaacagagtactegectatgtat 6376 to
£450
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Eco81I HinfI Rcal 38rBI
BseZll Kspb32l BsmAl  Acil
BstDEI Mboll HspY211
Thel Mvnl Hinb6I
HinPlI Hhal Thel
N1z2IV Hin6I Asol=l HinPl1I

tttgaatotatttagaaacataaacaaatagggagttecgegcacatiteccegaaaagtgecacctgacgegeee base pairs
azacttacataaatetttttatttgtttatecccaaggegegtotaazggggettttcacggtygactgegeggy €451 to

6525
PspN4T RstUI Cfol HspAl
HspAI Bshl23¢I Accll
AccIT Acil BstUI

Hhal Bsc4T HinPF1T TruYT Hin€T Cfol Acil Thel MvnI 3scFT 3still Hhal MaeT
MvnI SfcI Fsp4HI AspLEI HinPlI AspLEI Faul Hin6I Cfol BbvI HspAI Bspl4d3Il

Cfol 3511 Ital Hhal Mwol Taal Bsal2361 HinP1I Hhal Ital Acil Czc8I Cfol Bfal
tgtageggegeattzagegeggegogtatggtggttacgegeagegtoaccgetacacttgecagegecctageg hase pairs
acatcgecgegtaattegegecgeccacaccaccaztgegegtegeactyggegatgtgaacggtegegggatege €526 to
6600

Bsh1236T Bso=T Acil Trull AccIT BsoFT MaeTIT BstJT FspdHT Mwol HinP1I BstHZI

Hgal BstSFI HspAI Cfol HspAI 3stUI Ital HsoAl Bshl236I MaeIIl  Hin€I Haell

AscoLET BsiYI HinéI Msel Hhal Mvnl Fspd4HI AccII AspLEI Tsp4sI AspLEI HiaPlI
HintI BstH2I Mwol BsrFI Mspl Nael
Cfel Faul BstDIC2I BssAI BsiSI CvidI
Hhal Cac8I Bsr3I Mooll MaeIl MroNI Cfrl0I Cvill

cecegetectttegetttettecettectttetegecacygticgecggettteccegteaagetetaaateggggy base pairs
gggcgaggzaagegzazgaagggaaggaaagageggtgcaageggecgaaagqggeagttegagatttageceee 6601 to
6675

ASpLEI Acil Mwol 3321181 Cac8I  Alul
HspAT HaelT AccBST NgoMT HpaTT
Bspld3II NgoAIV HaplI
BsplZ361 NlaIV
PspN4l BshNI Taql
CvidI Eco24T Nlalv Fco6dI MnlT Hohl  Maell

cteectttagggttecgatttagtgetttacggeacetegaccecaaaaaacttgattagggtgatggttcacgt base pairs
gagggasatcccaaggotaaateacgaaatgeegtygagetyggyttttttgeactaateccactaccaagtgea 6676 to

6750
NlalVv =ri0I PspN4I Benl TthHB2I BsaAl
SduT BznIT AccB1I
BmyI PspN41
AspS91
Dralll CviJl Trull
Cfrl13T BsuRI Maell Hinfl Maell Tru91 Hiafl
agtgggecategecctgatagacggtttttegecetttgacyttggagtecacgttetttzatagtggactetty base vairs
tcacccggtagegggactatetgccaaaazgegggaasctgcaaccteaggtgesagasattatcacctgagaac 6751 to

6325
FIG. 20 (Cont'd)



Sau961 Drdl Plel MseT Plel
Asul Pzll
Haelll
Bsell 3s1YI pell
BsrSI 3scdl Heelll
ttecaazctggaacaacacteaaccetateteggtetattcttttgatitetasgggattttyecgattteggee base
atettecctaaaacggetaaageegg 6326

aaggtttgaccttgttgtgagttgggategagecagataagaaaactaa
900

E3eNI 3311 CvidI
Bsrl EsuRI

Tsp5C91 BstUI Tsp509I
Trall Trull TspEl AccII Apol Msel Tsp509I
TraYl CvidI Tru9l 5sell Thal AcsI Msel Sspl Sse91
tattggttaaaaaatgagctgattteaczzaastttaacgegaattttazczaaatattaacgettaceatttac base
ataacceetittttactegactaaattgtitttaaattgeygettaazetigtittataattgegaatygttaasty 6501
6975

Msel Alul Msel  AcsI Msel MvnI Tsp=l T-u91 Tsp=I
Apol Trull Sse91 Trudl T-ull
Tru9I Bshl236I Trull
MspCI Tspd
Bst9sI BsaMI TspEI
BspTI Msel Mael BsmI 5selT

gecttzegatacattgatyagtttyyeceaaccacaactagaatyceytygaaaaaaatyctttatttgtgaaatt base
cggasttetatgtaactacteaaacctgtttggtgttgatettacgteectttttittacgaaataazcectttaa 6976
7050

Af1II Trull Bfal Mve12691 Resl
Vhad641 TspRI 2pcl
3frI Trufl
091 Ital HincII  Tsp5091
BsoFI Trull MunI BzaMI
SfalI Maelll CviJl Trudl MZel BamI

tgtgstgctattgctttatttgtaaccattataagetycaataaacasgttaacaacaacaattgeatteatttt base
ecactzcgataacgaaataaacettggtaatattcgacgttatttgtteaattgttgttgttaacgtaagtasaa 7051
7125

Alul Bst71I Msel 58291 Mval2g91
FspdHL Hpal I'sokl
BovI HindII
Trull
MnlI MnlI TrudI MnlI CviJl

etgttteaggttcagggggaggtgtgggaggttttttaaageaagtaacacctctacaaatgtygtetggetoat base
tecezaagtccaagteccectecacaceetecaaaaaatttogtteattttggagatgtttacaccatacegacta 7126
7200

FIG. 20 (Cont'd)
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Msel
Dral

BseSI Sau3AI Bfal Mval BsoFI Ecob2I Bsizl Bsol407I Hep92II Neil AclWI FspdHI

Bsr33I Bspl43l Thal 3stZI Notl HaelII Bsal2851 CviJdI Mool Doal Hpall Bsc=l

MamI NdelI Xecal AccII Cfrl FspdHI CviJdI 35207 Cspbl Ndell Xzo91 Mspl Alwl
tatgatetagagtegeggecgetttacttgtacagetegtecatycegagagtgateccggegyeggteacgaac base pairs
atactezgateteagegecggegazetgaacatgtegageaggtacggeteteactagggeegeegecagtygettg 7201 to
7275

Bsa3I Mool Mael BstUI CciNI XmalIl Acil AciI BsrGI Alul S&u3AI Benl ScrFI

Bs113651 Dpnl Plel Bsal236I EclXI Pall 3stMCI Rsal NlaIIl 35151 HapIl Bsc4l

DpaIT KzoST Hinfl Eael Eagl Ttal BsuRI 3soBI AZal Denll Bspld3T MspROT Ttal

MzeIIl Asul AspS91 Szu3AI Hinbl Cfol DdeI Bovl2I
Acil Sial Avall NdeITl Donl Accll AspLEI Bsell Bmyl BsiHKAI
BslI 3pmI HgiEI N1aIII %zo9I Thal Hhal DdeI Acil BsrSI Bspll86l
tccageeggaccatgtgategegettetegttygggtetttgeteagggeggactgggtgeteaggtagtygtty base peirs
aqqtegtectggtacactagegegaaqageaaccccagaaacaoagtecegectgacccacqgagtecateaccaae 1276 to

1350
BsiYI Cfrl13T Ecc47I Mbol HspAI Bshl2351 BstDEI BseNI AspHI
Tspd5I 3melB8I HspY2IT FinP1T Mvnl Bsrl Sdul Alw2lI
Gsal 5zu961 Dpnll Bspl43I BstUIL 3stDAI
Bst71I NlaIV *sp4HI FspdHI
Ital Asul Haelll Alul Bst7lI
350F1 Cfrl3I Cvicl CacBI 3bvI Ital

tecgggezgeagoacggggecgtegeegatgggggtgttetgetggtagtggteggegagetgeacgetgecgtee hase pairs
agccegtegtegtgecceggeageggetacceccacaagacgaccateaccagecgetegacgtgegacggeagg 7351 to

1425
Fspddl Sau9eI Pall Cvicl CacBI Bst71I
3bvI  AspS9I Bsurl FsoFI Bsobl
PspN4T Itel 3sgl Bbvl
MboI Bspld3l Ball
Tagl BstX2I Acil HphI HaelIll
TthHBET BstYI Mf1T AcIWI MslT SfaNI  MboIl  Eael  N1aIITl MasIl

tcgatgttgtggeggatettgaagtteaccttgatgeegttettotgettgtoggecatgatatagacgttytyy base pairs
agctacaacaccgectagaacticaagtggaactacggcaagaagacgascagecggtactatatetgeaacace 7126 to

7500
DpnII XhoIl AlwI CzrI  HepY21I
MnlI NdeII Kzo91I CviJl
Sau3AT NpnT RsuRT
3seDI Bst2UI Tagl
AZal  CGsul 3myI BstCI FokI AluT
CviJgl Csp6l  CviJI  Sdul BstNI Bst=DI Mall TthHB8I ZcobT

ctgttgtagttgtactecagettgtgeccceggatgttgecgtectecttgaagtegatgeectteegetegaty base pairs
gacaacatcaacatgaggtcegaacacggggtectacaacggeaggaggascttcagetacgggasgtegagetac 7501 to
7575
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Rsal  Alul Bspl2861 Mval Tagl SfaNI CviJI
BpmI Bsaul MspRSI TthHBEI

EcoRII Scrrl

BstOI MslI HinP1I MvnI Acil
BseDI ScrFI MnlT JohT BslI Hhal Cfol
SfaNI EcoRII Bst2UI TthiBEI  BsaJdl Bsc4l AccII Faul MboIl

cggtteaccagggtgtegecctegaacttecaccteggegegggtettgtagttgecgtegtecttgaagzagatg base pairs
gocaagtggtoccacagegggagettgaagtggagecgegeccagaacatcaacggoageaggaacttettetac 7576 to

7650
Acil Bsacl Hphl Taql BseDI Hinb6I BstUI
BstNI Mval ¥Mnll BsiYI AspLEI
MapRII HepAI Thal 3shl2351
AspLET ScrFI Bst71I
Hin6I BstNI Mval AciT Ital Ital
inP1T BstDI Maell Nlalll MboIl  Bsell N1aITT Bsorl

gtocgetectggacgtagecttegggeatggeggacttgaagaagtegtgetgetteatgtggteggggtagegy base pairs
cacgcgaggacctgeateggaageccgtacegectyaactictteageacgacgasgtacaccagecceeategee 7651 to

7125
HspAI EcoRII  CvidJl Hsp9211 Fspddl  HspY92II Fspddl
dhal MgoRYI BbvI
CZol BstlUI
Acil 52u96T FcoRIT Mval BsiYT Ttal Cac8I
Mwol Bsgl BssST HaeIIT BstNT Bscdl Mwol Alul BssAT
Ecoh7T Cacll Tspd5I Ms1T CZ-131 BsuRI MsoRUI Sdul Fsp4HI BsrFI

ctgaageactgeacgeegtaggtcagggtggteacgagggtyggecagggeacyggeagettgecgytgatyeag base pairs
gacttegtygacgtgeggeatocagteceaccagtgetoccacacggteccgtycccgtegaacggecaceacygte 7726 o
7800

TsoRI MaeITI Bsil AspSY9T BsaJl 3st2UT 3myl CviJT Bsell8T
Cvidl Mnll CviJI BseDI ScrFI Bspl286I Bst71I
Asul Pell Bst0I BslI 3soFT BbvI Cfrl
Hpall a0l Pell
Msol Alul Jpall Heelll
Japll FcoS7T  Cac8I SZaNT MnlT Mnll  Mwol Fael

atgaactteagggteagettgocgtaggtggeategecetegecctegecggacacgetgaacttgtggecgttt base pairs
tacttgaagtcecagtegaacggcatecaccgtagaegggagegggageggectygtgegacttgaacaceggeaas 7801 to

7875
Bsgl Cvidl Begl  3siSl Cfrl
BsiSI Msol Cvidl
0I Mwel BsuRL
MspRET Fcotdl 35012861 Mspl Cvidl Neol BstDSI
TthH38T ScrFI BshNI BmyI Ms1I ScrFI BseRI Styl BseDI
Maell CviJl BstNI 3stFSI Sdul BsiSI Hapll  MnlI Ecol30I HphI

acgtegecgtecegetegaccaggatgggeaccaccecggtgaacagetectegecettgeteaccatggttaty base cairs
tgcagcggeaggtegagetggtectaceegtggtggggecacttgtegaggagegggaacgagtggtaccaacac 7876 to

7950
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Alul Z¢oII Mval AccBII BsaJl 3¢nl Hphl ErhI EcoTl4I
Tagl BstOI FoxI N1zIV BseDI dpzIT Alul BssT1I 3sp191
B3tZUI BanI PspNAI Ncil MspRYI Bsacl Dsal
M31I HaelIl BsmFI Drall Pspl4I
N1aIIl Pall Ball BstDSI Asul NlalV Mzel Msel
38tXI 3suRI MzeIT BsaJI 3s1I Cfrl13I HaeIIl  T=ull
gccatattatcategtgttttteaaaggaaaaccacgteccegtggtteggggggectagacgtttttttascet base pairs
cggtataatagtageacasaasgtttecttttggtycaggggeaccaagocceaegyatotgcaaaaaaattggs 7951 to
8025
“ael Cvidl BseDI 3s1YI Sau%hl CviJI Maell
CZrl Mscl Dsel Bscdl Zco0l08T 3suxl  T-ull
Hsp921T MI1uNT AspS9T Pall 3fal
NspI Vnel 3spl286T 5au96T Pall V1alV Bspld3T MfIT AcIWI BsiYI
MnlI N1alIT ~ Hsp921T Alw211 Asul Haelll NdeIT Dpnl BstX21 Dpnl BslI

TthiB8I  BsolUIlI N1aIIT BmyI BsaJIl EcoClC91 PspNAI BstYI Sau3Al Alwl
cgactzaacacatgtzaageatgtgeacegaggecccagateagateccatacaatggggtaccttetgggeate base pairs
gctgatttgtgtacatttegtecacgtggetecggggtetagtetagggtatattaceccatggaagaceegtag 8026 to
8100
Taql ATITII A1wdd4T Bbv12I C£2131 CviJI DpnIl Kzo9I Mbol XhoIIl AccBT7I
Hsp9211 Nspl Sdul BsiHAALl Drall Mnll Mbol Dpnll Bspld2l Bscdl
Apall AspHI BseDI AsoS9I BsuRI Szu3AI NdeIl KzoSI PEIMI

Acc65I Rsal Fokl
Zco64l NlalV SZaNI Cvicl
Eso1396T BshNT PspN4l MnlT Jinfl MaeIl
cttcageeecttgttgaatacgettgaggagagecattigectetitececasctatecaacteacaacgtygee base pairs
gasgtoggggascaacttatgogasctoctetegytzaactyagaaaggtgttgataggttgagtgttgeacegt 8101 to
8175

Agp7181 AZal =co571 35631 Flel Dralll
Van9lI Acc31I Bst=5I
Banl Cspéel Zpnl CvidI

Bsrl PalI Pall Ital BshNI MsoRII
BseNI  Ital Mwol Eco72I  Eael B30FI Eco6dl BstOI
TsoR1 350F1 BsoMI AZI1TIT BbrPI dacIII Mwol NlalV EcoRII Mval

ctggggttgtgecgeetttgeaggtgtatettatacacqgtggettttggeegeagaggeacctgtegecaggtgg base pairs
gaccccaacacggcgoaiacgtecacatagzatatgtgeaccgaaaaccggegtetecgtggacageggtecace 8176 to
8250
BsrST  Fsp4HI MaeIl CviJI CviJI Acil AccBIT  RBstNI
Bsell Acil BsaAl CZrI FspdHI BanI PspN4I ScrFI
PmaCl 3suRl Bgll MnlI Bst20I
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BsivI BsoFI BslI MboIl
Bs1I PsoN4T Ttal Rscdl BbsI Alul XanT
N1gIV Acil BbvI Stel  Maell BpuAI CviJI MnlI

ggggttecgetgectgcaaagggtegetacagacgttgtitgtettcaagaagettccagaggzactgeticett base pairs
cceocacggegacggacgttteccagegatgtetgcaacaaacagaaegttcttegaaggtetecttoacgaaggaa 8251 to

8325
Bscdl NsoBRII Bst71I 35LSFI Bbv16I1 Asp7001
MsoAlT Cac8I Bpil
FsodHI  BsiYl HindITI
BInI RseDI Bpil
BseMI ErhI BsaJI BsaMI Bbv161T
BsmI MnlI AvrIl Mael Mval2691  Mboll

cacgacattezacagacettgeattoctttggegagaggggaaagaceectaggaatgetogtozagaggacagg base pairs
gtgctgtaagttgtetggaacgtasggeaacegetetecectttetgggyatecttacgageagttettetgtee 8326 to

84C0
Mve12691 Ecol30T  BsmI BpuAl
Styl FcoTl4l BbsI
BssT1I Rfal Cfrl3I
AspS9T 3stNI Mval Benl Sau96I HaellIl Bmyl Apal BslI BsiSI
CviJI MsoR9T Mspl Cfrl3I Fco0109I Bspl2B6I Bscdl BsellB8I
Sau94T <coRIT RsiST MspRYT AsoS9T Pall Fco24l BsrDI BssAl

gccaggtttecgggeccteacattgecasaagacqggeaatatggtggeacataacatatagacazacgeacaccqg base pairs
cygtccaaaggeccgggagtgtaacggttttetgeegttataccacctittattgtatatetgtttgegtgtgge 8401 to

8475
HaelIl 33t0I Hpall Scr=1 Asul CviJI Sdul Baall BszF1
Asul 3sull ScrFI Neil Bspl20I N1aIV PspN4T Mall cz-l
Pall 3st2JT HapIl PspOMI Drall BsuRI =riOI 3siVI Hpall
CviJI Acil Pall BsrSI NdeIT BstI N1alV Eco88I
BSuRI Ital Mwol BsuRI Meell DenII Mf1I Acil PspRI
Mspl Bsokl Eael Maelll Pspld06L Mnll Mnll Sau3Al 42091 Beol

gecttattecaageggetteggecagtaacgttaggggggggggagggegaggggcggateccgggecegeggta base pairs
cggaataaggttegecgaagecggteattgeeatecceeeccecteecteteceegectagggeccgggegeeat 8476 to

8550
HapIl FsodHI Haelll 3srl BstYI Bamil Dpnl C£-9I
0T HaeIll CviJT CviJT Bsell BstX2T XhoIl PsoV4T
kall Cizrl  BseNl Mool Bspld3l Amaf7l

¥mal Mspl CZz13T NlaIV Sdul BsaJdl Dsal Mvnl Faul Acil AccE5I PsoN4I Sfcl
BseDI Hpzll Smal Asul Haelll Eco24l BstDSI BsalZ236l Eco64I Cspel Sall HindII
AclWI BsoBI deoIl Bspl2(CI Pall 3spl286I Apal Nsp3IT SstII Banl NleIV TtaHBSI
cegtegactgcageettcactagtgattaasttatettgtegactcatgageacecacageggtetactaceaty base pairs
ggcagctgacgtettaagtgatcactaattteatataacagetgagtactegtgggtgtegecagatgatggtae 8551 to
8625
AlwI Benal PsoALI AspSSI PspN4T BseDI Thal MspAlI CZrd2T AccBlI Xpal HincII
BsaJI Neil MsoR9I Saudel Bsull Cac8I BRanll BstUI Sfr3031 Asp718I Afal Taql
Aval BsiSI ScrFI PspCMI Cvidl 3myl FriCI RccII ZXspl SacII BshNI Rsal Accl
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AcsT Spel Msel TthiIB8T Flel Bmyl BsillKAT Styl BseDI IspS9211 Trull PshBI
TspzI Bfal Tspb09T HinZI Sdul Bbvl12I Accl BsaJl BsplST TspEI Vspl Trull
Sse81 AcINI Trull AccI BspHI ReplZ86I MspAll BssT1I N1aIIT Apcl Asal Msel
gctggaatttteccatatattatttgttetttgecattasaatatageatattaatgggagacatttttgtegga base pairs
cgaccttezaaagggtztatastaaacaagaaecggtzattitatategtataettacectetgtazaaaczgect 8626 to
8700
BEcoRT Mael Sse91 Tagl Rcal Aspdl Mwol Acil Neol Dsal Cvidl TruST Tru9l
PstI ApcI Tru9T Sall HindIT IspY2IT NspBII ErhI EcoTl4I SsedI Msel MslI Alw26I
3stSFI Tsp5C91 TepEI HincIT N1eIIT Alw21I Ecol30T 3stDST AcsI Tsp5C9T Asel

DrdI Bst71T DraIl BsuRI Bspl720I Bspl2861
FspdHT Sau9%6T Pall Celll Apall Bbv12I
BsoFI Cfrl3l CvidI Ddel Cvicl Alwd4l Alw21l Acil

gtgcageaagggectgctgagectetggggtttgettggtgcacaagatgagtatgeggatatttttgtazaaac base pairs
cacgtegtteecggacgacteggagaceccasacgazcracgtgttetacteatacgectataaaaacatttttg 8701 to

8775
3smAT BbvI Eco0109T Cac8I RBstDEI Vnel Bmyl
BsgI Asul HaeIIT Blol MnlI Scdul BsiidKAI
ltal Mwol AspS9Ll Bpull02l Aspdl
Tsp5C9T BSURT BsmFT
TspEl TspS091 Beell Bscdl
REEEN Ddel Ssell Haelll BsxSI BstFSI

acazaattcacactctectgageagtaattggecttatatettttgggtgegataatccagteccateczazgget base pairs
tgtttaagtgtgagaggactegtcattaaceggaatatagasaacccacgetettaggtcagggtaggtitecga 8776 to
8350

AcsI 3stDEI  TspEI CvidI RgeNI FokI Cvicl
Aool Pall Bsrl BslI
BsiYI
BstMCI ¥nlI MspIl MspRYI Bbvl2I
BsiEI 3siYI  Ital Bst71I 3cnl BselI AspHI
TthHB3I Bscdl BsoFT BbvI Ncil BsaJl Sdul BsiHKAI CvicI

tceaaatcgacegtgagggggtageggeageaccggoattecgtggagtgetcategeagteaageeceaagtet base pairs
agttttagetggeacteccccategeegtegtggecctazggeaccteacgagtagegteagttegggttteaga §351 to

§925
Taql 3sll FspdHI 3siSI ScrFI Dsal  Bspl286I
Bsh12851 Acil dpall HinfI By T
Bsz01 JzpIT TEiT BstDST Alw21T
MspI MsoRST Asul PspS5TT Mnll MspRIT Rnel§T
BsiSI ScrFI HgiEI Ecod71 TspdSI BstNI Cfrl3l
Alw26T BenT PpuMT Drall N1alV Hpnl HinZI CviJl MboTT ScrFI HgiET

cteegggacetettgggtgtgtetgteacettgacttetzaaaagggattcageccatettetectggtectggg base pairs
gaggcectggagaacceacacagacagtggaactgaagatttticectaagtegggtagazgaggaccaggacee §926 to
5000

BsmAI Ncil 3mel8I Avall Pspi4l Tfil FcoRIT Mval
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HpaIl Cfr13T Eco0109T BsmPI Bst0I SinT
HepIT Sinl Sau9%€l As0S91 Maelll Bst2UT Szub61

AspSYT BstOI Dpnll KzoYT HaeIll Fokl
Ecod7T BseDI Mval Sau3Al ¥1aIITl MIuNI
FcoRIT MspROT NdelIl EBzel CvidI Ball Alul DdeT Hinfl CviJI Mwol

aaggttacagcaagatcatggocaticteatecaaagetttgattiteastgectaagttggaticaggetgttitg base pairs
tteeczatgtegttetagtaceggtaagagtaggtttegaaactaaagttacggettcaacctazgtecgacaaze 9001 to
9075
Asul BslI BsaJl ScrFI Bspl43I Pall MscI CviJl BstDEI Tfil
Avall BsiYI BstZUI MooI CZzI BsuRI BstFSI

Bsc4I BstNI MaeIIl Dpnl dspS2II HindIII

Bpil Bsc4T PLIMI BstNI ScrFI
IspET BbvleIl 35ell BslI BszJI MspRII Bspl2B86I
Sse9I TsoRI 357ST AlwNI Espl396I Sdul

agccaattttgcaacactgtettcacatesatactetgecaaataccagtgectgggeteatgtcaagtttcaga base pairs
tcggttazazcgttgtgacagaagtgtagttatgagacggtttatggtcacggaceegagtacagtteaaagtet 9076 to
9150

CviJl BpuAl 33eNT AccB7T Van9ll CvicT
Isp5091 BbsI 35r] ZcoRIT BseDI BstZUI
MboIl TspRI BsiYI BstOI Mval Bmyl
FriOI DpnII Denl BseNI BsmAl
Bspld3T Acel  Rsal Plel
32nIl NWdeIl TfiI Bsell N1aIII  HinfI Alw26l TspRI

gateggatteocagtataccttgtaccgtettteatqogtttgatgagtetezgoattigeacaasacactgttgta base pairs
ctzgectaaggtcatatggaacatggeagsaagtacccasactacteagagtectaaacgtgtttgtgacaacat 9151 to
9225
N1aITT Sau3Al BsrSI Csoél Hsp9211 Ddel
FEco24T Mool Kzo9T Bsrl Afal BstDEL

Hsp92IT Hinfl Bst11071

I

P2
clI

[T

T
351YI AzZal Ss
Hinfl Ddel Bscdl Cspbl Cvidl
ggagtcttgacqgggtetgagatatatecacagttgggettttactacttitgttgtactgtattttagagetaaat base pairs
ccteagazctgoccagactetatataggtgteaaccegazaatgatgaaacaacatgacateaaatetegattta 9226 to
9300

Plel BstDFEI 3slI Rsal AluT Tsp509T
CviJdl AcsI
Avol
BstSEI
Dral AciT Sfel Ms1T
Trudl CviJl BstFSI Hinfl Vlalll

ttzaaaazgeaacatttgggettgecatecgettgeattagaaagteagactetgtaggeatggtaatgattgtt base pairs
cattttttegttotaaaccegascggtaggegaacgtaatetttecagtetgzgacatecgteccattactascaa 9301 to

9375
FIG. 20 (Cont'd)



Cac8I “oxI AlwNI Hsp9211
Msel Cac8I Plel
Trull
Hsp92I  DonlI
BstDSI MalI Bsadl Afal Sau3Al
BsadJl MboII CviJI Mwol BstF5I HinlI AcyI Ndell

tcogtggtagegtgetaategteateticcaaagagecateactgetygteatecctetggacgtegtactgateg base
aggcaccategeactattageagtagaaggtttetegetagtgacgacagtagggagacctgeageatgactage 9376
9450
BscDI TspRI FokI  Mspl7I Rsal Mbol
Dsal BbilII RatII Bspld3I
Maell Cspbl Kzo9I

DpnI BspXI BseCI Kzo9I Hpall Hinél daell
Bspl06I Clal Bspld3I MsoRYI AspLEI
TthH33T BsuldI Sau3AI Msol HspAl Cfol SfaNI CviJI EcoRII
atcagtteccggagtggaggegetettggeagaagttgtettatageatetttgetgetgttaggaggtgtttee base
tagtcasgggccteacctecgegagaacegtetteaacagastategtagaaacgactacaatectegacaaagg 9451
9525
RanIII Bscl Ndell Necil HaoIl Mnll BstHZL Alul
Bsa291 Dpall Doxl Benl HinPlI 3spld3II
BsoDI Taql Mbol BsiSI Scr¥I Hhal Mwol

3st20T AsplEI Alul TspEI Afal
35tCI HspAI BsoFI Ddel Acsl BomI 33851 MslI
Mval CZol 3bvl Sse91 Cvidl Cspél Mnll Alw26I  Fpul

aggcgeegettactgaggatttoaatttttatggettetattctggagtecctegtgttitgtetecacgcacat base
tecgegtogaatgactectazacttaaezataccyaagatasgeccteatggageacaaaacagaggrgegtgta 9524
9600

BstNI JinP1I CviJI BstDEI Gsul 351l BsmAI
MspRII dhal Fsp4HI MnlI Apol Rsal
SczFT dinbT Ttal Bsti/1I Tso30YI
75021 MboT Bspl43T Asal Bsell
Hsp92T17 BSEX2T DonT Sau%eT HaelTT
0T 3coT221 MnlI MboIl TspRI BstYI mZ1T Alwl 3srSI

gcattacecagecectetttttecacatttictteteteteectgeecteatttagetecactgggecageagea vase
cgtaatgtgteggouagaaszaggtgtaaaagaagagagagtgacgggagtaaatctaggtgacceggtegtegt 9601
9675

N1aIII Cvidl MnlI DpalIl XhoII CZrl3I BsrI
Nspl Mphl1103I NdeIT KzoST TsplI BseNI
Nsil Sa3AI AclWI AspSYl
Bso T Hso921T Dp2TT BemHT N1aTV AcTWT
FspdHI Hsp9211 Sau3AIl Kzo9I Mspl
Pall Bbvl MwoI  S5faNI BstYI Bsol43I BsiSI

atcagcatgaacaggtaaatataaacatacatttgeagtttttgecateatggetggatecgggeccatazgageg oase
tagtegtacttygtecatttatatttgtatygtaaacyteaaaazcgtagtacegacctaggecegggtattetege 9676

9750
FIG. 20 (Cont'd)
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BsuRI 3s5t71I N1zIII NdeIT XhoII Hogll
Cac8l Nlalll CviJl Mbol Bstl Pspl4I
CviJI Ital BstX2I MEII Dpnl Haoll

Cfrl13I NlaIV Sdul BanII Hsp9211 AccII Alul Bfal Mbel Bspl43I AclWI Becel
MspRIT Asal BsuRI FriOI Rsel 3fal Thal Pvull BstX2I XhoIl PspY¥AI
AlwI Bspl20I CviJI BmyI Cspél  Mael Cac8I Hgal MysoAll BstVI BamHI Dpnl AlwI
taatctggascategtatgggtacatqggtgtetagetegegteagetgactagaggateecegggtacegagete base paizs
attagaccttgtageatacecatgtaceacagategagegeagtegactgatotectaggggoccatggetegag 9751 to
9825
Benl Sen96I Pall Bspl286I NlalIl CviJI Bshl2361 Meel DpnII MfII MnlI 3seDI
Neil PspOMI HaelIII Eco24I Afsl Alul MynI CvidJl NdeIT BstI NlaIV AmaB7I
ScrFI AspSSI PspN4T Apal BstUI NsoBII Sau3AI Kzo9I Bsacl PspAl

BsoBI HapII Banl CspéI Ecll36IT Bovl2I BanIl AcsI Cfrl3I HaeIIT BstDSI
CZr9T Neil MspRET AcchbI Afzl ZcoICRI Eco24l Alw2ll Apol N1alV BsuRI Dssl 3stUI
Eco881 dpall Fco64l N1aIV CviJl Bspl2861 FriOI Sse%l Sau%61 CviJI BseDI Accll
gaattcgggoccgeggaggetggateggteceggtgtettetatggaggtczaaacagegtggatggegteteca base pairs
cttaagccccggegecteegacctagecagggecacagaagatacctecagttttgtegeacctacegeagagat 9826 to
9900
Aval Bcal PspALT BshNI Rsal Alul AspHI SacT SstI TspEI AspS9T BsoFI Ital
¥mzI Mspl Smal AccBlI Konl Sdul BmyI Tagl BsiHXAI Tsp509I Pall Fsoddl MvnI
35151 ScrFI Asp718I Psp¥4I TthHBSI Pspll4BI EcolI Asul PspN4I BszJI Taal

MsoA1I SacIl MnlI Bspld3I Asul =cod7I Hpall Bbvl6II inll Hgal BstNI Gsul Saul3Al
SstIT BglI Mbol AlwI Sau96I BsiSI HapII 3osI 3stF5I AcyI BsmBI ScrFI Mbol
5fr3031 Cvidl Kzo9T Sinl Avall Ncil ScrFI MboIT Mspl7I EcoRIT 3stO1 Bpml

ggcgatctgacggticactaaacgagetetgettatataggectecceccgtacacgectactegaceegggtac base pairs
cegetzgactgecaagtgatttgetogagacgaatatatecggaggotggeatatgeggatgagetgggeccatg 9901 to
9975
VsoBII Cfr42I DpnII Donl Bmel8I NlaIV Benl BsmFI Mall BbilITl Alw26I MsoR9I NdelIl
KspIl AciI NdeIT AclWI HgiEI PspN4I MspROI 3o0il TokI BsaHI Eso3I Mval DpnlI
Bsa1236I MwoI Sau3AI Cfrl3T AspS9I Mspl BpaAI Mwol Hsp92I BsmAI 3stzUI Bsplds3I

Alul BmyT SacI BsillfAI Tcol47I Taql Lcod
Dpal Bspl2861 BanII Stul Pall Rsal Bcol Aw 5151 PspALI AccBlI Kpnl Sdul
Kzo9T Sdul Fco24T Sstl HeeIIT MnlI Ama87I1 3scDI Mspl Smal Asp7181 PspN4I
cgagctegactiteacttttetotateactgatagggagtggtazactegactticacttitetetatcactgat base pairs
gctegagetgaaagtgaaaagagatagtgactateecteaccatttgagetgaaagtgaaaagagatagtgacta 9976 to
10050
CviJI AspHI F~»i0OT Pme55I SseBI TthHREI BsaJdI Benl ScrFI Acc65T Afel FeolCRI
3¢l136IT Bbvl2I Alw2lI CviJI Csphl PgoAl Xmal Hpall Eco6dI Cso6l Z¢ll36II
ECOICRI Pspl24BI Aztl BsuRI Afal CZr9I 33031 HapII Banl N1eIV CvwiJl

91 Ncil MspROT BshNI Rsel Alul
el 3
5¢C

AspHI SacI SstI TsoRI
3bv121 BanIl TthHRBEI
Bsol286€1 FriQI TspRI TspRI TthABSI
agggagtggtaaactegactttcacttttetetateactgatagggegtggtaaactegactttcacttttctet base pairs
tcecteaccatttgagetgaaagtgeaaagagatagtgactateccteaccatttgagetgaaegtgasasgaga 10051 to

10125
FIG. 20 (Cont'd)
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500241 Alw21T TthHR8T Taqgl
BmyI Psol24BI Taql
TthHBBI Tagl BsidKAT Taql

TspRI Tt1HBBI TseRI TthHB8I
atcactgategyuagtggteaactegecttteacttitetetateactgatagggagtggtazactegactttes bese pairs
tagtgectatoceteaccatttgagetgasagtyaaaagagatagtgactateceteeccatttgagetgaaagt 10126 to
10200

Taql Taqgl

TSpRI TthH381 TspRI
ctttteteteteactgatagggagtygtacactegactttcacttttctetatcactgatagggagtogtaza case pairs
gazaagagatagtgactatcecteaccatttgagetgaaagtgzaaagagatagtgactateecteaccattt 10201 to
10273

Tagl

Table by Enzyme Name

Enzyme No. Positions Recognition
name cuts of sites sequence
Aatl 3 234 6043 9941 agg/cct
AatTl 2 3767 9439 gacgt/c
Acclel 1 5762 tgc/gca
Acc65T 5 2509 8084 8547 9814 9971 g/gtacc
AccBlI 15 330 1328 1677 2509 2560 3741 g/gyrcc

5826 5861 6707 7903 8084 8232
8547 9814 9971

AccB71I 3 154 8075 9127 ccannnn/ntgg
AccBSI 5 1464 5200 5254 6443 6607 gagcgyg
Accl 7 971 2150 2258 8554 8580 8614 gt/mkac

FIG. 20 (Cont'd)
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cg/cg

429 446 1216 1462 1639 1994 2079 ccgc

2115 2125 2204 2213 2219
2415 27746 2787 2854 2893
3031 3144 3204 3249 3253
3684 3704 3777 3791 3803
3899 3990 4018 4145 4164
4395 4530 4539 4773 4846
4978 5060 5126 51098 5254
5296 5346 5351 5391 5631
5799 5893 5956 6095 6141
6le2 6174 6183 6185 6380
6490 6533 6547 €578 6605
7222 7264 7327 7440 7578
7684 7725 8190 8228 8260
8533 8546 8613 8759 8877
9839

8569

2238
2988
3622
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4813
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5735
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6443
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9332

a/ctagt

403 650 1473 2504 3029 3214 3625 ggatc

4513 4587 4599 4684 4697
5071 5448 5615 5694 6005
7443 8073 8536 9660 9734
9851

5056
7258
9809

75 666 1484 3417 3521 3532 6931 r/aatty

6942 7046 8563 8630 8778
9548 9826
1650 2187 3764 5081 5160
9436 9892

9297
5862

352 1788 2117 2131 2489 2511

2954 3236 3670 5558 7231
8086 8549 9173 9280 9442
9772 9816 9952 9973

1897

3485 6978

7513
9574

gr/cgyc

gt/ac

agc/gcet
¢/ttaag

274 923 1878 2361 3942 8035 8210 a/crygt

2512

56 62 97 153 369 485 565
1205 1219 1300 1344 1351
1537 1591 1713 2009 2296
2578 2650 2883 2899 2947
3232 3382 3549 3615 3644
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BfrI 2 3485 6978 c/ttaag

BglT 5 1266 3801 6092 8230 9841 gcennnn/ngge
BglII 1 17 a/gatct

BlnI 5 180 650 5023 6038 8374 c/ctagg

BlpI 1 8717 gc/tnage
Bmel8I 10 1312 2109 2387 3181 4900 5345 g/gwce

7283 8931 8992 9852
BmyI 33 58 1326 1333 1371 1437 2298 2565 gdgch/c
2694 2943 3134 4260 4793 5503
5565 5755 5829 5922 6677 7337
7528 7777 7906 8052 8416 8543
8603 8743 8902 9134 9740 9824

9928 9881
Bpil 4 8297 8397 9099 9866 gaagac
BpmI 8 2953 3193 5046 5067 7280 7520 ctggag

9573 9901
Bpull02I 1 8717 gc/tnagce
Bpuldl 2 65 5180 tt/cgaa
BpuAT 4 8297 8397 9099 9866 gaagac
Bsal291l 2 6022 9448 at/cgat
BsaAl 4 1153 5560 6748 8213 vac/gtr
BsaBl 4 2352 3265 6005 7202 gatnn/nnatc
BsaHI 8 1650 2187 3764 5081 5160 5862 gr/cgyc

8436 9892
Bsal 1 4870 ggtctc
BsaJTl 67 180 235 326 334 356 392 403 504 c¢/cnngg

635 641 650 675 775 1141 1157

1262 1284 1308 1315 1332 1375

1428 1473 2029 2235 2284 2382

2473 2504 2523 2553 2693 2721

2856 2880 2935 4102 4792 4895

5023 5428 5697 6038 6087 6096

6131 6254 6326 7528 7583 7607

7770 7910 7940 7991 8053 8374

8536 8543 8621 8891 8995 9127

9377 9809 9836 9967
BsaMI 6 3353 3452 7021 7120 8351 8384 gaatgc
BsaOT 7 2274 2517 3250 4282 5957 7219 cgry/cqg

8861
BsaWI 5 2512 4148 4295 4985 5829 w/ccggw
Bsc4dl 52 153 221 326 392 408 463 523 588 ccnnnn/nnngg

640 779 1195 1278 1313 1375 1453
1702 2196 2388 2511 2693 2720
2856 3206 3841 3963 3981 4147

FIG. 20 (Cont'd)
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Ital 70 84 194 213 282 306 427 443 515 gc/nge

1022 1270 1301 1444 1459 1538
1604 1991 2122 2211 2684 2743
2765 3049 3056 3107 3204 3247
3380 3987 4142 4285 4350 4559
4770 4785 5124 5238 5252 52893
5389 5625 5631 5718 5759 5796
5801 5891 5902 5954 6093 6531
6545 6567 7086 7216 7262 7356
7410 7417 7701 7723 7782 8187
8225 8260 8489 8704 8875 9531

9671 9836
KasT 1 5861 g/gcgece
KpnI 5 2513 8088 8551 9818 92975 ggtac/c
Ksp221 2 2023 2067 t/gatca
Ksp632T 4 2200 5306 5516 6393 ctette
KspI 3 2238 8546 9839 ccge/gg
Kzo9T 48 47 89 399 o646 1469 1933 2023 /gatc

2007 2170 2353 2500 3024 3172

3210 3260 3621 4508 4583 4594

4602 4680 4692 5051 5067 5443

5521 5530 5611 5889 6000 6019

6023 7203 7253 72981 7439 8063

8068 8532 9013 9150 9445 9449

9655 9730 9805 9847 9903
Lspl 2 65 5180 tt/cgaa
MaeT 28 166 181 208 651 690 %62 1220 c/tag

1397 1464 1481 1497 1871 2342
3258 3452 3616 4437 4690 5024
6039 6595 7013 7207 B0O07 8375

FIG. 20 (Contd)
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8570 9782 9800
Maell 24 1152 231e 2589 2802 2973 3764 a/cgt
4645 4778 5559 5746 06637 6747
6720 6802 7492 7663 7876 7985
8011 8168 8212 8283 8504 9436
MaeIIl 22 694 919 1124 1399 2707 3196 3391 /gtnac
3822 4298 4361 4477 4743 5433
5739 6558 6570 7071 7266 7755
8500 8949 9003
MamI 4 2352 3265 6005 7202 gatnn/nnatc
Moo L 48 47 89 399 646 1469 1933 2023 /gatc
2007 2170 2353 2500 3024 3172
3210 3260 3621 4508 4583 4594
4602 4680 4692 5051 5067 5443
5521 5530 5611 5689 6000 6019
6023 7203 7253 7291 7439 8063
8068 8532 9013 9150 9445 9449
9655 9730 9805 9847 9803
MooII 25 1935 1962 2199 2779 2824 3002 gaaga
4596 46087 4839 5039 52006 5306
5516 6393 6621 7470 7645 7693
8297 8396 8987 9099 9404 9635

9866
Mfel 2 3353 7110 c/aattg
Mf1I 20 47 399 646 1469 2500 3024 3621 r/gatcy

4583 4594 4680 4692 5051 5443
5689 7439 8068 8532 9655 9730

8805
Mlul 1 1878 a/cgegt
MI1uNI 3 5782 7951 9021 tgg/cca
MnlI 87 103 177 229 318 364 413 425 440 cctc

745 790 9089 915 934 1082 1117
1375 1392 1420 1470 1550 2162
2201 2315 2543 2624 2630 2707
2861 2873 2924 3044 3292 3315
3324 3663 4060 4117 4384 4754
5020 5068 5274 5450 5807 5943
6007 6047 6059 6086 6092 6099
6105 6383 6714 7147 7156 7179
7427 7547 7598 7010 7764 7841
7847 7928 8026 8058 8129 8233
8313 8364 8419 8522 8528 8725
8868 8937 9432 9470 9543 9579
9617 9650 9806 9844 9874 9945

Mphl1103T 5 731 3893 06224 6296 9603 atgca/t
MroNI 3 5077 5360 6643 g/ccgge
Mscl 3 5782 7951 9021 tgg/cca
MseT 35 265 864 1521 1542 1565 1700 2094 t/taa

3304 3365 3486 3507 3518 3530
3541 3558 3879 4648 4700 4705

FIG. 20 (Cont'd)
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4719 6538 6809 6907 6924 6935
£947 6958 6979 7100 7161 8019
8577 8662 8677 9301
MslI 17 328 1664 1773 2031 2525 2555 caynn/nnrtg
2705 2882 5427 7456 7585 7762
7912 7945 8677 2364 9596

Mspl71 8 1650 2187 3764 5081 5160 5862  gr/cgyc
9436 9892

MspAlIl 13 97 1021 1205 2237 4284 4529 5758 cmg/ckg
6366 8259 8545 8610 9795 9838

MspCI 2 3485 6978 c/ttaag

MspI 45 328 547 1191 1315 1333 1475 2177 c/cgg

2384 2390 2506 2513 2553 2616
2676 3207 4149 4296 4322 4512
4986 5078 5086 5361 5542 5609
5699 5830 5858 5880 5957 6644
7258 7789 7849 7912 8410 8473
8537 8883 8928 9458 8734 9811
8856 9968
MspROI 74 236 255 328 335 394 404 548 636 cc/ngg
642 677 722 940 1036 1048 1142
1158 1191 1309 1316 1333 1377
1393 1430 1475 2177 2285 2384
2391 2506 2554 2570 2695 2722
2807 2882 2936 3208 3797 3970
4091 4104 4322 4794 4897 5086
5476 5699 5859 6255 6272 6327
7258 7530 7584 7659 7771 7896
7912 B244 8403 8411 8537 8884
8929 8990 8996 9128 8459 9525
9735 9811 9856 9899 G968
3353 7110 c/aattyg
3353 3452 7021 7120 8351 8384 gaatgc
7 236 255 335 394 404 636 642 677 cc/wyg
722 940 1036 1048 1142 1158 1309
1377 1393 1430 2285 2570 2695
2722 2807 2882 2836 3797 3970
4091 4104 4794 4897 5476 6255
6272 6327 7530 7584 7659 7771
7896 B244 8403 89390 8996 9128
9525 89899
MvnT 32 1880 2114 2124 2128 2218 2237 cg/cg
2248 2339 2853 3171 3252 3527
3828 3989 4570 4843 4912 4975
5059 5497 5798 6489 6520 6544
6564 6940 7215 7296 7614 8545
9788 9838
Mwo T 53 311 482 600 722 807 1027 1052 gennnnn/nngce
1067 1266 1297 1642 1886 2042

MunlI
Mval2691
Mval

S oy O

FIG. 20 (Cont'd)
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2207 2616 2676 2689 2733 3801

3995 4567 4766 4970 5157 5424

5507 5624 5769 5792 5876 6092

6177 6228 6300 6539 6583 6610

6640 7728 7781 7794 7854 8192

8230 8494 8607 8708 9074 9417

8476 9716 9841 9889

5079 5362 6645 gce/gge

5862 gg/cgcc
7 328 548 1191 1316 1333 1475 2177 cc/sgg

2384 2391 2506 2554 3208 4322

5086 5699 5859 7258 7912 8411

8537 8884 8929 9459 9735 9811

9856 9968
Ncol 8 356 504 1284 2523 5428 6131 7940 c/catgg

8621

NdeI 1 2072 ca/tatg
NdeIlI 48 47 89 399 646 1469 1933 2023 /gatc

2067 2170 2353 2500 3024 3172

3210 3260 3621 4508 4583 4594

4602 4680 4692 5051 5067 5443

5521 5530 5611 5689 6000 6019

6023 7203 7253 7291 7439 8063

8068 B53Z2 9013 9150 9445 9448

9655 9730 9805 9847 9903

5077 5360 6643 g/cecgge

5077 5360 6643 g/ccgge

961 3615 g/ctage
1 221 278 360 508 728 733 806 927 catg/

1043 1187 1288 1495 1625 2333

2365 2527 2761 2791 3181 3226

3895 3946 4666 5050 5406 5432

5463 5649 5994 6135 6226 6298

6438 7245 7290 7485 7680 7710

7944 8039 8048 8599 8625 9020

9138 9186 9363 9601 9684 8776

9777
NlaTv 55 113 160 332 401 648 702 1139 ggn/ncc

1243 1313 1330 1368 1415 1471

1679 2110 2214 2265 2388 2502

2511 2562 3100 3743 3974 4013

4856 49501 4980 5828 5863 6252

6324 6485 6676 6688 6708 7367

7905 8004 8059 8086 8234 8255

8414 8534 8541 BH49 8932 9732

9738 9807 9816 9834 9854 8973

3247 7216 gc/ggcegce

731 3893 6224 6296 9603 atgca/t
3 97 1021 1205 2237 4284 4529 5758 cmg/ckyg

6366 8259 8545 8610 9795 9838

FIG. 20 (Cont'd)
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2276

3879 8677
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8504

8931

1332 1474 2383 2505 8536 9810
89867

1334 1476 2385 2507 8538 9812
9969

2129

113 160 332 401 648 702 1139
1243 1313 1330 1368 1415 1471
1679 2110 2214 2265 2388 2502
2511 2562 3100 3743 3974 4013
4856 4901 4980 5828 5863 6252
6324 6485 6676 6688 6709 7367
7905 8004 8059 8086 8234 8255
8414 8534 8541 8549 8932 9732
9738 9807 9816 9834 9854 9973
1367 8412 8539 9736
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961 3615

897 1021 1205 5758 6366 9795
1662 6434 8595
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rcatg/y

tt/cgaa
gcatg/c
c/tegay
gg/cc

c/gtacg

ccannnn/ntgg

a/ccggt
gagtc

cac/gtg
agg/cct
cac/gtg
a/tgcat
rg/gweey

gacnn/nngtc

at/taat
gagct/c
aa/cgtt
rg/gwcey
¢/ceggy

cee/gay

c/gtacg
ggn/ncc

g/ggcec
ctgca/g
g/ctagce
cag/ctg
t/catgas
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gt/ac

9772 9816 9952
5345

9973

58 2258 8824 9828 9981

2238 8546 9839
2257 8553 8589
5306 5516
47 89 398
2067 2170 2353
3210 3260 3621
46002 4680 4692
5521 5530 bell
6023 7203 7253
8068 8532 9013
9655 9730 9805

159 638 883 1138 1199 1312 1367

2109 2161 2263
3181 3802 4763
5345 6754 7283
8057 8398 8412
8992 9664 9736

236 255 328 335 394 404 548 636

646 1469 1933 2023

2500 3024 3172
4508 4583 4584
5051 5067 5443
5689 6000 6019
7291 7439 8063
9150 9445 9449
9847 9903

2387 2697 3098
4796 4854 4900
7366 7767 8003
8539 8710 8931
9833 9852

cg/gwecey
gagct/c
ccge/qgg
g/tcgac
gctette
/gatc

g/gncc

cc/ngg

642 677 722 940 1036 1048 1142

1158 1191 1309
1383 1430 1475
2391 2506 2554
2807 2882 2936
4091 4104 4322
5476 5699 5859
7258 7230 7584
7912 8244 8403
8929 8990 8996
9735 9811 9856

1316 1333 1377
2177 2285 2384
2570 2695 2722
3208 3797 3970
4794 4897 5086
6255 6272 6327
7659 7771 78856
8411 8537 8884
9128 9459 9525
9899 9968

58 1326 1333 1371 1437 2298 2565 gdgch/c

2694 2943 3134 4260 4793 5503
5565 5755 5829 5922 6677 7337
7528 7777 7906 8052 8416 8543
8603 8743 8902 9134 9740 9824

9928 9981

6270 a/ccwggt
254 1946 2472 2637 2896 2911 gcatc
3010 3414 4034 5236 5426 5511

5575 5642 5897 6223 6295 7058

7462 7561 7576 7835 8100 9500

9723

81 480 566 584 598 683 972 1408 c/tryag

1806 4207 4398
9353

6525 8277 80558
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The following enconucleases were selected but don't cut this sequence:

Accl13T, AccIIT, AhdI, AscI, AspEI, BseAl, BsiMT, Bspl3I, Bsp68I, BspCI,
BspEI, BstEII, BstPI, BstSKI, Eaml105T, FclHKI, Ecol05I, Fco2551, Eco3ZI,
Fco911, Ecol651, EcoRV, Fsel, Kpn2I, Mrol, Krul, PacI, Plel9I, Pmel, PspEI,
Pvul, SbfI, Scal, SgfI, SgrAI, Smil, SnaBI, Sse8387I, Swal, Xcml

FIG. 20 (Cont'd)
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PMCK/Tet-ON-BFP/TRE/HA-Mst/IRES-EGFP @

(pFinal)

1.) Open both pBlue,,, and pLong with Bgl Il. Get the 6.3 kb and
6.6 kb plasmid opened and ligate them. Search for the 13 kb
fusion plasmid which has the opposite orientation.

test : EcoR |
pfusion 13.4 kb ]
10

2.) Restriction digest the pfusion with Nhel enzyme : get the
~3.3 kb and ~10.1 kb fragment. Cut the 10.71 kb fragment

and self-ligate.
Tfl?E 9‘% I]ITIZ‘S MCK 0

Byl Il

Mst

IRES

EGFP
pFinal (10.1 kb)

SV40 poly A ¥

Afl il
flori )
SV40ori Karf /Neo'
—>
Poly A
Constructed by Suzanne Porszasz - Reisz * unique sit to release:

cut out the

Test: Afl 1= 6.5 kb construct with
Afl 1l

3.6 kb
FIG. 21
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CMOT transgene
6786 base pairs

Graphic map | Table bv enzvme name

MspCI Tsp5091
Bst 98I BsaMI TspEI
Bspll Msel Mael Bsml Ss5e91

cttaagetaceattyatgagtttygacaaaccacaectagastycagtyaaaaaaatgetttatttgtyaaattty vase o
gaattctatgtaactacteasacctgtttggtgtigatettacgteactititttacgacataaacactttaaac 1 to 7

Af1IT Trull Bfal Mval12691 AcsI
Vhads41 TspRI Apol
BfzI TxulI
Ttal HincIT — Tsp5081
BsoFI Trall Munl BeaMI
SZaNI Mzelll Cvidl Tr191 Mfel RamI

tgatgctattgetttetttgtaaccattateagetgeaateaacaegttaacaaceacaattgcatteattttat oase ovairs
actacgataacgasatazacattggtaatattegacgttatttgttcaattigttgttgttaacgtaagtaaaata 76 to 150

Alal Bst7lI Msel Ssedl Mval2691
F504dHI Hpal TspEL
BbvI HindII
Trull
Mall MnlI Trudl MnlI Cvidl

gtttceggttcaggyggagytgtyyoegotittttasagceaytaceacctotaceaatgtyggtatggetgatta oase pairs
cezaagtecaagteccectecacaccetecazaaaatttegttoattttggagatgtttacaccatacegactaat 151 to 225
Msel
Dral

Bse8T Saul3AI Bfel MynI BsoFI Ecob2I Bsibl Bspld07T Hsp92IT Neil AclWI FsodHI
BsrBRI Bspl43I Thal BstZI NotI HaeIII Bshl285I CvicT Yool Dpnl HpalII BsoFl
MemI NdeII Xbal AccII CfrI FspdHI CvidI BsaOI Cspél NdelI Kzo9I Mspl Alwl BslI
tgatctegagtegeggecgetttacttgtacagetegtecetgecgegagtgateecggeggeggteacgaacte oase pairs
actagatctcagegecggegaaatgaacatgtegageaggtacggeteteactagggecgeegecagtgcttgag 226 to 300
BsaBI MocI Mael 3stUI CeiNI XmalIl Acil Acil BsrGI Alul SaulAI Benl ScrFI Bsivl
B511365T Dpal Plel Bshl12361 Ec1XT Pall BstMCT 3sal N1alIT BsiST HapIl 3scdl

DpnII KzoSI HinfI Fael Fagl Ital BsuRI SsoBI AZal DpnII Bspld3I MspRYI Ital

MaeTlIT Asul AspS9T Sau3AT HinéI Cfol Ddel Bbv12T
Acil SinI Avall NdeIl DpnI AccII AsplEI 33ell 3myIl 3siHKAI
BpmI HgiEI N1aIIIl Kz¢9I Thal Hhal Ddel Acil BsrSI 33pl2361
ciégeaggaccatgtgategegettetegttggggtetttgeteagggeggactyggtgeteaggtagtggttgte base pairs
gtecgtectggtacactagegegaagageaaccccagzaacgagteccgectgaccecacgagtecateaccaacag 301 to 375

CZr13I Ecod7I Mool HspAI Bshl1236I 3stDEIL BseNI AspHI
T5045T Bmcl18T Hs0921T HinP1T MvnI Bsrl Sdul Alw21T
Gsul SauY6I DpnlIl Bspl4d3I BstII BstDEI

FIG. 22
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Bst71I Nlalv Fspddl FsodHI
Itel Aszul HaeIlI Alul 3st71I Tagl
BsoFI Cfrl3I Cvidl Cac8I Bbvl Ital TthHBBI

gggcageageacggggcegtegeegatggoggtgttctgetggtagtggteogegagetgeacgetgecgtecte base vairs
ceegtegtegtgecceggeageggctaceoccacaagacgaccatoaceagecgetegacgtgegacggeaggag 376 to 430

FspdHI Sau96I Pall CviJI CacBI Bst7lI
Bbvl  AspS9I BsuRI BsoFI 3so0-l
PspN4T Ttal Bsgl Bbvl
Mool Bspl43I Pall
BstX2I AciI HphI HaeIll

BstYI MfII AclWI MslI SfaNI  MboIl  Zael  Nlalll MaeIl  CvidJl
gatgttgtggcggatottgaagttcaccttgstgocgtictctgettgteggecatgatatagacgtigtgget base oairs
ctacaacaccgectagaacttcazgtggzactacggcaagaagacgaacagecggtactatatetgesacacega 451 to 525

DpnIT XhoIT AlwI CfrI  Hsp921I
MnlI NdeII Kzo9l Cvill
5aul3AI Dpnl Bsuil
BseDI Bst2UI Taql
Afal  Gsul Bmyl BstOI Fokl Alul
Csobl  CviJl  Sdul BstNT 3s5t<51 MnlI Tth3BET Ecob57T  SzaNI

gttgtagttgtactecagettgtgeecezggatgtigeegtectecttgazgtegatgeecticagetegatyeg base pairs
caacatcaacatgaggtcgazcacggggtcectaceacggcaggaggaactteagetacgggaagtegegetacge 526 to 600

Rsal  Alul Bspl266T Mval Taql SfaNI CviJI
BpmI BszJI MgoR9I Tt7HB3I
EcoRIT ScrFI
3s5t0I MslI HinP1I MvnI Acil
BseDI ScrfI MnlI HphI BslI Hhal CZol
EcoRIT BstZ2UI TthHB8I  BsaJI Bzscdl AccII Faul MboIl

gttcaccagggtgtegeectegaactteaccteggegegggtettgtagttgecgtegtecttgeageagatggt base pairs
caagtggteccacagegggagettgaagtggagecgegeccagaacatcascggeageaggaacttetctacca 601 to 675

Acil BsacT Jphl Taql BseDI Hin6I BstUI
3stlNI Mval MnlI BsiYI AsplEI
MsoRII HspAI Thal Bshl236I
Aspl=I ScrfI Bst71I Acil
Hingl 3stNI Mval AciI Ital Ital
HinP11 BstOI Maell N1aITl MocII  BscFI N1allTl BsoFI

gogcteotggacgtagecttogggeatygeggacttgaagaagtegtgetgetteatgtagtegoggtagegget base pairs
cgcgaggacctgeateggaageecgtacegectgeacttetteagracqacgaagtacaceegeeecategeega 676 to 750
HspAI coRIT  Cvidl Hsp9211 FspdHI  Hsp921I FspdHl
Haal MspRYI BbvT Cvidl
Cfol Bst2UI

Sau%6I EcoRII Mval 3siYI Ital CacBI
Mwol 3591 BssSI HaelIl BstNI Bscdl Mwol Alul BssAl
Fcob7T CachT Tspd5T Ms1T Cfr13T BsuRT Msp9T SduT FspdHT BsrFT
gaagcactgeacqeegtaggteagggtygteacgagggtgggecagggeacgggeagettgeeggtggtgcagat base pairs
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cttegtygacytyeggeatecagteccaccagtgeteccaceegygtecegtyecegteygaacygeraccacgteta 751 to 825
TspRI MaeIIT Bsil As0S9I Bsadl Bst2UI BmyI Cvigl BsellS8I
MnlI CviJI BseDI ScrFI Bspl286I 3st711
Asul Pall BstOI 3slI BsoFI BbvI Cfrl

Hoall HepII Pall
Mspl Alul Hpe 1T HaeIll
HapII Ecob7I CacBl SfaNI Mnll MnlI  Mwol Eael Maell

gaacttcagqgtcagettgecgtaggtgocategecctegeectegeeggacacgetgaacttatggecatttac base pairs
cttgaagtececagtegaacggeztecacegtagegggagegggageggectgtgegacttgaacaceggeaaaty 826 to 900

Bsgl CviJl Begl  BsiSI CtzI
35151 Mspl Cvidl
01 Mwol Bsuxl
Msp39T Eco64l Bspl2861 Mspl CviJl Neol BstDSI
TthHB8T ScrFI 3shNI Bmyl MslI Sc»FI BseRI Styl BseDI Nlalll
CviJI BztNI BstF5I Sdul BsiSI JapIl  MnlI Ecol301 HphI

gtogeegtocagetegaccaggatgggeaceaceceggtgaacagetectegecettgeteaccatggttatgge base pairs
cagcggcaggtegagetggtectaceegtggtggggecacttgtegaggagegggascgagtggtaccaacaceg 01 to 975

Alul EccRIT Mval AccBII BsadJI 3cnl Hpal ErhI FcoTl41
Tagl BstOI FokI ¥1aIV BseDI dpall Alul BssT1I 350191
Bst2JL Ranl PspNAI Neil MspRYI 33aJI Dsal HspY92II
Ms1I HaeIlI BsmFI Dzall PspN4I
Pell Rall BstDSI Asul N1alV Mael MseI  MnlI
33tXI 3suRl MaeITl Bsacl BslI Cfrl3I HaeIII  Tru9I IthH33I

catattatcategtgtttttcazaggaszaccacgtecceegtggtteggggggectagacgtitttttaaccteg base pairs
gtataategtagcacaaaaagtttecttttggtgcaggggcaccaagecceccggatetycaaaaaaattggage 976 to

1050
Sael Cvidl BseDT BsiVI 5au%61 CviJI Maell Tagl
CzxI MscI Dsal Bsc4l =cc0109T BsusI Trull

MLJNI AspSO9I Pall 3zZal

Nspl Vael Bspl286I Seu961 Pall N1eIV Bspld3I MFII AcIWI BsivVI
NlaIIl  Hs092II Alw21I Asul HaelIIl NdeIl DpnI BstX2I Dpnl BslI
350LU11T N1aTTT 3myI BsacT EcoO109T PsoN4T BstYT S5audAl Alwl Espli96l
actaaacecatgtaasgeatgtgeaccgaggecacagateagateccatacaatggggtaccttetyggeateoet base pairs
tgatttgtgtacatttegtacacgtggeteeggggtetagtetagggtatgttaccecatggaagaceegtagga 1051 to
1125
AfIIII Alwdd4T 3bvl12T Cfrl13I CviJT DpnII Kzo9T1 MboI XhoIl AccBTI
Hsp92I1 Nsol Sdul BsiHKAI Dzall MnlI MboI Dpall Bspl4d3I Bscdl
ApalT AspiT RseDT AspS9T BsuRT Sau3AT NdeTT K7zo8T PSIMT

Acc65T Rsal FokI
Sco64T N1alV SfaNT CvidI
BsaNI PspN4L Mnll Hinfl Maell
tcagecccttgttgaatacgettgaggagagecatttgactetttccacaactatecaacteacaacgtggeact base pairs
agtcggggazcaacttatgegaactecteteggtaacctgagaaaggtgttgataggttgagtgttgcacegtga 1126 to
1200
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Asp7181 Afal EccdTI Bse3I Plel Drelll
Van91T AccBlI BstFSI
BanI Cspbl Konl Cvicl

BsrI PmlI Pall Ital BsaNI Msp39I BsiYI
BseNI  Ttal Mwol Eco721  Fael BscFT Feob6dl BstOT BslT
TspRI BsoFI BsoMI AfITIT BbrPI HaelII Mwol NlaIV EcoRII Mval

ggggttgtgccgectttgoaggtgtetettatacacgtggettttggecgeagaggeacetgtegecaggtyygg base vairs
ccccaacacggeggaaacgtecacatagaatatgtgeacegaaaaceggegtetecgtggacageggtecaceee 1201 to

1275
EsrST  FspdHI MeeII CviJI CvidJI Acil AccBIT  BStNT Bscdl
Bsell Acil Bsall CZrl Fsp4HI BznI PspN4I ScrFI
PmaCI BsuRI BglI MnlI Bst2UI
Bso-T BslI MooIT
PspV4T Ttal Bscdl BbsT Alul XmnT
NlaIV Acil BbvI Sfcl Maell BpuAI CviJIl Mall

ggtteegetgectgoaaagggtogetaczgacgttgtttgtetteaagaagettecagaggaactgettecttoa base oairs
ccaaggegacygacgttteccagegatgtetgeaacsaacagaagttettegaagytetecttgacyaaygaagt 1276 to

1350
Nsp3II Bstill 35t5SFI Bov1611 Asp7001
Mspall Cac8I Bpil
Fsp4HI  BsiVI HindITI
BInI BseDI 3pil
BealMl ErhI BszJl BesaMl 3bv161I
BamI MnlT AvrIT Mzel Mwall269T  Mboll

cgacattcaacagaccttgeattectitggegagaggggacagaccectaggaatgetegteaagzegaceggoc bese pairs
getgtaegttotetggascgteaggaaacegetoteceetttetggggatecttacgageagttettetgtecag 1351 to

1425
Mval2sdl Ecol30I  BsmI 3puldl
SEyT FeoTl4T7 3bsT
BssT1I Bfal Cfrl3l
Asp59T 3stNT Mval Benl 531961 HaellT Bmyl Aoal BslI BsiSI
CvicT MspRIT MspI Cf-13T FcoOl09T Bsol2861 Bscdl 3321181
531961 ZcoRIT 38iSI MspRYI AspS9I PzlI EcoZdl BsrDI 383Al

caggttteegggeccteacattgecaaazgacggezatatggtggaasataacatatagacaaacgcacacegge base pairs
gtceaaaggcccgggagtgtaacggttttotgecgttataccaccttttattgtatatetgtttgegtytggeog 1426 to

1500
HeeITI BstCI Jpall ScrFI Asul CviJI Sdul Banll Bs»FI
Asal BsuRI ScrFI Ncil Bsol20I N1eIV PspN4I Mall Cf-101
Pall Bst2JI HapII PsoQMI Drall BsuRI FziQI BsiYI Hpall
Cvidl Acil Pall 3srSI NeeII BstI NlalV Eco88I
BsuxI Ttal Mwol Bsu<T Maell DpnIT Mf1T Acil PspAl
MspI BscFI Fael Maelll Pspl40el MnlT MnlI S53u3Al Kzo91 Beol AclWI

cttatteocazgeggettoggecagtaacygttaggggqggyuggagygagaggggeggatccegggecegeggtace base pairs
gastaaggttcgecgaagecggteattgoaatececceececteccteteecegactagggeeegggegecatgg 1501 to

FIG. 22 (Cont'd)



U.S. Patent Jul. 21, 2015 Sheet 77 of 108 US 9,084,814 B2

1575

HapIT F3pd4dl Haelll Bsrl BstYT BamHI DonI Cfrol
HaelIll CviJl CviJI Bsell 2stX2T XholIl PspNAI
Pall CfrlI  BseNI Mool Bspld3I Ama87I

Xmal Mspl Cfrl31 NlaIV Sdal Rsadl Dsal Mvnl aul Acil Acc65I Psp¥AI Sfel
BseDI Hpall Smal Asul HaelTT Fco24T BstDST Bshl1236T FcobdT Cspbl Sall HiadIl
BsoBI HapIl Bspl20I Pall Bspl286I Apal NsoBIT SstIT Banl NlaIV TthiBEI
gtegzctgeagaatteactagtqattaaattatattgtegactecatgageaceeaczgeggtetactaccatgge base oairs
cegetgacgtottasgtgatoactaatttaatataacagetgagtactegtgggtgtegecagatgatggtaceg 1576 to
1650
Alwl Bcal PspALI AspS9I PspNAT BseDI Thal MspAlI Cfrd2I AccBII Kpnl HincII
3saJl Neil MspRYT Sau96I BsuRI Cac8I BanII BstJUT Sfr3031 Asp7l8I AZal Tagl
Aval BsiSI ScrFI PspOMI CviJI Bmyl =riOI AccII Ksol SacII 3shNI Rsel Accl BstSEI

AcsI Spel Msel TthHB8I Plel BmyIl BsiHKAI StyI BseDI Hso92I1 Trull PshBI DrdI

TspEL 3Zal Tsph08I HinfI Sdul Bbvl2I Accl BsaJl 3splSIl TspEI Vspl Trull
5seST AcINT Trull Accl BspHI Bspl2B61 MspAll BssT1I N1aITT Apol Asnl Msel
tggaattttcccatstattatttotictttgecattazaatatageatattaatgggagacatttttgtcggsgt base ozirs
accttaaaagggtatataataaacaagaaacqggtaattitatategtatazttacectetgtaaaazcagectea 1651 to
1725

ECORI Mael Sse9I Taql Rcal AspHI Mwol Acil Neol DszI CviJI Tzu9I TruSI BsmAl
PstT ApoT TrudT Sall HindIT Hsp921T NspBIT E-hl FcoTl4T SsefT Msel Ms1T Alw26T

Tsp509T TspFT HincTT N1aTlIT Alw21T Ecol30T BstDST AcsI Tep509T Asel

Bst71I Drall BsuRI Bspli2(I Bspl2861
FsodHT Sau961 Pall Celll Apall Bbvl21
BsoFI Cfrl3I CviJI Ddel CviJI AlwddTI Alw21I Acil

gcagcaagggcctgctgagectetggggtttgettggtycscacgatgagtatgeggatatttttgtasaaacac base peirs
cqtegtteceqgacgacteggagaccccaaacqaaccacqtgttetacteatacgectataaazacattttigtg 1726 to
00

BbvI ZcoCl09T Cac8I BstDEI Vnel BmyI

BsgI Asul HaeIII BlpI MnlI Sdul BsiHKAI
Ttal Mwol AsoS9I Boull(2I AspHI
Tsph09T BsuRT BsmF1
TspEI Tsp5091 Bsell Bscdl
SselT DdeT 55e9T Haelll BsrST BstF5I

aaattcacactctectgageagtazttggecttatatettttgggtgegataatecagtoccatecaaaggette base pairs
tttaagtgtgagaggactegteattaaccggaatatagaazacccacgetattaggteagggtaggtttecgaag 1801 to
1875

AcsI BstDET TspEI Cvidl BseNT FokI CvidJI
Apol Fall Bsrl BslI
BsiYT
BstMCI MnlI MspI Msp9I Bbv121I
BsiEFI Bsi¥I  Ital Bst71I 3cnl BseDI AspHI
TthHB3I Bscdl 3soFI BovI Neil 3sadl Sdul BsiHKAI CviJI Alw26l

aaaatcgaccegtgagggggtageggcageaccgggattecgtggagtoctecategeagtoaageccaaagtetet base pairs
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ttttagctggcactecccecategecgtegtggecctaaggeaccteacgagtagegteagtticgggttteagags 1876 to

1950
Taql BslI FspdHI 35151 ScrFI Dsal  Bspl286I BsmAI
Bsh12351 Acil Hpall Hinfl BmyI
Bsall JgoIT Tfil BstDST Alw2lI
MspI MspR9T Asul Psp5SIT Mnll MSpRIT Bmel8T
BsiSI ScrFI HgiEI Ecod71 Tspdbl BStNI CZrl3I
Beal PpuMI Drall N1aIV Hpal Hinfl CviJI MboIl ScrFT HgiEl

ccgggaccetettgggtgtgtetgteaccttgacttctazaaagggattocageccatettetectggtectgggaa base pairs
ggccetggagaacccacacagacagtggaactgaagatttttcectaagtegggtagaagaggaccaggaceett 1951 to
2025

Ncil 3mel8I Avall PspN4I TZil ZCORIT Mval Asul
HpeII Cfrl131 =coC1091 BsmFI BstOI Sinl Awvall
HepIT S5inT 531961 AspS9T Maelll Bst2UT S5aub6T

A50S591 B3tOI DonIl Zzo8I HaelIl Foxl
Fcod7T 3selT Mval Sau3AT N1aTll MIuNI
SCORIT MspRYI NdeIl Fael CviJI Rall Alul Ddel Hinfl CviJI Mwol
ggttacagcaagatcatggccattcteatecaaagetttgatticaatgectaagttggatteaggetgtttgag base pairs
cceetgtegttetagtaccgotaagagtaggtttegaaactaaagttacggattcascctazgtecgacaaacte 2026 to
2100
3811 3saJ1 ScrFI 3501431 Pall MscI Cvidl BStDEI Tfil
BsiYT Bst2JI Mbol CfrI BsuRI BstFSI
BscdI 3stNI MaeIIl Donl Hso921T HindIII

Bpil Bscdl PIIMI 3stNI ScrFI =riCl
TsoFI Bbv16II Bsell BslI BsaJI Mspl9I Bspl2861
Sse91 I'spRI PsrSI AlwNI Espl39€I Sdul 3anll

ccazttttgcaacactgtettcacatcaatactetgecaaataccagtgectgggetcatgtcaagttteagage base oairs
ggttaaaacgttgtgacagaagtgtagttatgagacygtttatggteacggaccegegtacagttcagagtetet 2101 to

2175
CvicT BpuAl BseNT Acc3TI Van9ll CviJdI N1alIll
Ts05081 Bksl BsrI EcoRII BseDI BstZUI Eco24l
MooTI TspRT BsiYT 3stCT Mval Bmyl
DenIT DonI BseNI BsmAT
Bspld3l AccI  Rsal Flel
NdeII Tfil Bsell N1alIl  Hia®T Alw26l TspRI

teguatteczgtatacettgtzeegtettteatgygtttgatygegteteaggatttgeacazacactgttgtagy vase oairs
agcctaaggteatatggaacatggcageaagtacceasactacteagagtectaaacotytttgtgaceacatee 2176 to
2250
Sau3AI BsrSI Csobl Hsp9211 Ddel
Mool %z091 BgzI AZal BstD=I
Hso92TT FinfT Rst1107T

TspF1
BsiYI Atal SseYI
Hinfl DdeT Bscdl Csptl CviJI Trudl

agtcttgacgggtetgagatatatecacagtiggettitactactttgttgtactgtatittagagetasattt vase oairs
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tcagaactgeccagactctatataggtotcaaccegaaaatgatgaaacaacatgacataaaatetegatttaaa 2251 to

2325
Plel BstDEL BslI 3sal Alul Tspb091
Cvicl AcsI
Apol
BstSFI
Dral Acil Sfel Ms1I
Cvidl BstF5I Iinfl N1aIll

aaaaaagcaacatttgggettgecatecgettgeattageaagtcagactctgtaggcatggtaatgattgtttc base pairs
ttttttegttgtasaccegaacygtaggegaacgtastotttoagtetgagacatecgtaccattactaacaaag 2326 to

2400
Cac8l  Fokl AlwNI Hsp9211
Msel Cac3l Plel
T-ull
Hsp82I  DpnlI Dpnl
BstDST MnlT BsaHT Afal Sau3AT
Bsadl MboIl Cvill Mwol Bst75I HinlI AcyI Ndell

cgtggtagegtyataategteatetteceazgageceteactgetygteatecetetygacgtegtactyategat base pairs
gcaccatcgeactattagoegtegaeqgttteteggtegtgacgacagtagggagacctgcageatgactageta 2401 to

2475
BseDI TspRI TokI  Mspl7I Rsal MgoI
Dsal BbiIT AatIT Bsplddl
MaeIl Cspbl Kzo9l
BspXT BsaCT Kzo9T HoaTT Ti76T FaeTll Rst2UT
Bsol06I Clal Bsold3I MspRYI AsplEI BstOI
TthHREI BsuldSI Szu3AI Msol IspAl Cfol SfaNI CviJI EcoRIIL

cagttceeggagtggaggegetettggeagaagttgtettatageatetttgetgatgttaggagetgtttecag base vairs
gteaagggecteaccteegeyagaacegtettezecagastategtagaaacyactacaatectegacaaaggte 2476 to
2550

BanIIT Bscl NdeIl Neil HapII Mall BstH2I Alul BstNI
Bsa29I DpnlIl Donl Benl HinPII 3spl431I MspRII
BspDI Tagql Mool BsiSI ScrFI Hael Mwol Scrrl
AspLEI Alul Ts031 Afal
HspAI BsoFI Ddel AcsI BpmI BssST MslI Hsp9211
Mval Cfol BovI 3se91 CviJl Csptl Mnll Alw261 Ppul

gegoagettactgaggatttgaatttttatggettetattctggagtacetegtgttttgtctecacgeacatge base oairs
cgegtegaatgactoctecacttececataccgazgataagacctecatggageacaaaacagaggtgegtgtacg 2551 to

2625
HinP1I CvilI BstD=I Csul BsiI BsmAT N1
Hhal FsodHI Mall Avol Rsal NspI
Hin6I Ttal Bst711 Tsp5091
Zg02l MooI Bspl43I Asul Bsell
BstX2T Dpnl Saul6T IzellT
01 EcoT221 Mnll MboIl TspRI BstYI Mf1I AlwI BszSI
attacacagcccctetttttecacsttttettetetetcactgeecteatttagatecactgggecageageaat base oairs
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taatytytegyggageaaaaggtgtaaaagzagagagagtgacgyyagtaaatctaggtyacceggtegtegtta 2626 to
2700

alll Cvidl Mnll Dpall XhoIl C£z13T Bsrl
Mph11031I NdeII Kzo9I TspRI BselI
Nsil Sau3ATl AclWI AspS9T CviJl
BscFT Hsp9211 DpnIl Bamdl NlaIV AclWI
Fsp4HI 809211 Sau3AI %zo91 Mspl
Pall Bbvl Mwol ~ SfaNI BstYI Bspl43T BsiST Alwl

cagcatgaacaggteaatatasacatacatttgcagtttttigeateatggetggatecgggeccataagagegta base pairs
gtegtacttgtecatttatatttgtatgtaaacgteaaaaacgtagtacegacetaggeccqggtattetegeat 2701 to

277
BsuRI Bst71I NlaIlI NdeII XhoIl Hpall Benl
Cac8I Nlalll CviJI Mool BstI PspN4I Neil

Ital BstX2I Mf1I Dpnl dapll

Czr131 N1alv Sdul 3eall Hsp92II AccII Alul Bfal MboI Bspld3I AcIWI Beol
MsoR9T AsuT BsuRT FriQT Rsal RBfaT  Thal PwulT RstX2T XhoTT PspN4T CfroT

Bspl20T Cvicl Bmyl Cspbl  MacI Cac8I Hgal MspAll BstYI BamHI Dpnl Alwl
atctggazcategtatgggtacetggtgtetagetegegteagetgactegaggateccegggtacegagetega bes
tazgaccttgtageatacccatgtaccacagategagegeagtegactgatetectaggggeccatggetegaget 277
2350

Sau96l Fall Bspl286I NlaIIl CviJI Bshl2361 Mzel DpnII MfII Mall 3seDlI

PspOMI HaeIIl Ecc24I Afal Alul MvnI CviJl NdeIl BstI NlalV Ama87l

ScrFI As0S91 PsoN4I Apal BstUI NspRII Sau3Al Kzo91 BsaJl PspAl

pairs
t

2
6 to

330BI dacIl Banl Csp6l Ecll36IT Bbvl2I Benll AcsI Cfrl3I HaeIII BstDSI MspAll
Ncil MspRYT AccébT AZal ZcolCRI Fco2dT Alw21T Acol N1z1V BsuilI Dsal BstUI
Eco881 dpall Eco6dl NlalV Cvidl Bspl2861 =riOl Sse91 Sau96I CviJI BseDI Accll
attcggggeegeggaggetggeteggteceggtgtettctatggaggtceaaacagegtggatggegtetecagyg base pairs
tzageeccggegectecgacetagecagggecacagaagatacctecagttttgtegeacctacegeagaggtee 2351 to
2925

Aval Bcal PspALI BshNI Rsal Alul Aspdl Sacl SstI TspEI AspS9I BsoFI Ital NspBII
Xnal Msol Smal AccBlI KenI Sdul Bmyl Tagl BsiHKAI Isp5091 Pall FspdHI Mvnl
BsiSI Sc=I'T Asp/181 PspN4I TthilE8I PsplZ4BI TcoRI Asul PspN4I BsaJl Thal

SacIl MnlI BsolA2I Asul Zcod71 doall Bbv16IT HinlI Hgal BstNI CGsul Sau3Al
SstII 3g1I Mbol Alwl Sau%6I BsiSI HapIl 3osI BstFSI Acyl Bsm3I Scr=T Mool
S£r3031 CviJdl Kze9T SinI AvelT Neil Scr=T MbeIl Mspl7I EcoRIT BstOI Boml
cgatctgecggttcactaaacgagetetgettatataggecteccacegtacacgectacteqaccegggtaceg base pairs
gctagactgecaaghgatttgetegagacgzatatatecggagggtggeatgtgeggatgagetgggeccatgge 2926 to
3000
C£rd42T DpnII Dpnl Bmel8I N1aIV 3cnl BsmFI MnlI BbiII Alw26I MspRSI Ndell
Xspl AciI NdeIT AclWI [giFT PspN4T MspRYI Boil TokI Bsell Espdl Mval DonII
33h12361 Mwol Sau3Al CZrl3T AsoS9T Mspl BpuAl Mwol Hsp921 BsmAI Bst2UT Bspld3l

Alul 3myl Szcl BsiHKAI Ecold7I Teql EcoB88I Ncil MspRYI BshNI Rsal Alul

DonI Bspl286I 3anIl Stul Pall Rsal 3col Aval BsiSI PspALI Acc31I Kpnl Sdul
Kz09T Sdul Eco24I Sstl HaelII MnlI Ama87I BseDI Mspl Smel Asp718I PspNAI RgplZ86I
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agctegacttteactttteteteteactyatagggagtggtaaactegactttcacttttctetateactyatag base pairs
tegagetgaaagtgaaaagagatagtgactateecteaccatttgagetgzaagtgzaazgagatagtgactate 3001 to
3075

CvidI AspHI FriOI Pmeb5I SscBI TthH38I RsaJl Renl ScrFI Acc65I AZel EcoICRI
Fell36IT Bbvl2I Alw21I CviJI Capbl PspAI Xmal HpaII FeobdI Cspél Ecll3eIl
FcoICRI Pspl24BI Aatl BsuRI Afal Cfr9I BsoBI HapIl 3anI NlaIV CviJI TthHBSI

AspHI Sacl Sstl I'spRI

Bbv12T BanII TtaHB3I

7101 Tspll Tsoxl TthHBBI
ggagtggtaaactcgacttteacttttetetateactgatagggagtogtaaactegacttteacttttctetat base pairs
cetezccatttgagetyaaagtyaasagzgatagtgactatecctesccatttgagetgzaagtyaaasgagats 3076 to
3150
Eco24T Alw21T TtaHBAI Taql
BmyI Pspl24BI Tzql
Tagl BsiHKAI Taql

TspRT TEhA38T TspRT TthH3ET
cactgatagggagtggtaaactegacttteactittetetateactgatagggegtyggtaaactegacttteact base pairs
gtgactatececteeccetttgagetgaszgtgaacagagatagtgactateccteaccatttgagetgaaagtga 3151 to
3225

Taql Taql

Tsol TthH381 Tspl TthHBEBI
ttteteteteactgatagggagtggtaasctegactttcacttttetetateactgatagggagtggtaaacteg base pairs
aaagagatagtgactatcccteaccatttgagetgaaagtgaaaagagatagtgactateccteaccatttgage 3226 to
3300

Taql Taqgl

Ecc88T BstYI Sau3AT Sf»2741 BsoBI FcolCRI
Xhol Paer7I Mool BglII Xhol PaeR7I Sdul
TsoRI Sfr2741 DpnIT Mf1T Dpnl Beol Taqgl Alul

actttcacttttctetatcactgatagggagtggtaaactegagatetegageteaageticgaattategaatt base pairs
tgaaagtgaazagegatagtgactatcecteaccatttgagetetagagetegagttegaagettaatagettaa 3301 to
3375

Ama871 Taql NdeIT XholIl Eco881 Cvidl

Bool 33031 3stX2I Kzo9I Aval Z¢ll36II

Aval TthiB8I Bepld3T Ama87I TthHBBI

Pspl24BI CviJI Bspll9T Tagl TspEI Fspddl NdeIl 3stDEI Ddel PspN4I
Eco24T SstI TthHRET NspV TthHBST Tsp509T BbvI Sau3ATl Pvall Mnll Alul
BovlZT Alw21T 5ful Taql Sse9T AcsI S5fcl Pstl Mool Ddel NspBIT N1alV Cvidl
cctgoageccgatetesgetgaggtgcasaaggetectygteatattgtgtectgetetggtetgecttocacage base pairs

FIG. 22 (Cont'd)
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ggecgtegggctagagtegactecacgttitecgaggacegtataacacaggacgagaccagacggaagatygteg 3376
3458
AspHI SacI BsiHKAI Lspl BpuldI Sse9I BstSFI CviJI Bspld3I MspAll Bscdl
Bmyl FriOl Hindlll BstBl I'spkl zcoRl Bsckl Bst71l Dpnl Cvidl Cvicl
Bsol2861 BanII Alul Cspd5I Tsp509I Aool Ital DpnlII Kzo9I Alal BstDEI

BslI Cfrl3I Haelll Styl FcoTldl Ital Bbvl BsiVI
BsiYT AspSST BsuRI col30T Bfel 3soFI CvidI HspY9211
Esol3961 Pall Bfzl  AvrIl Mael FokI Cvidl Mael 3soFI  N1zIII

ttgggggccacctageccacctetecctzgggatgagageegecactacyggtetaggetgeccatgtaaggagy base
aaccccoggtggategggtggegagggatcectactetegteggtgatgeccagatecgacggotacattectoe 3451
3525

Ven81I NlalV Mael MnlI BasTlI BstFSI  Bovl Bfal Fspddl Bscdl
Acc37I Asul PsoN4I CviJl ZzhI BsaJl FspdHI Ital BslI
PEIMI Sau96I CviJl 31nI BseDI BstT1I 35711

CvidI EcoRIT Mval Beol SfaNI Scr=I Trull Hso92I1 BstTlI

AztT 33uRT BstNT BsnFT FcoRIT Mval Msel AZITIT CviJl
MnlI Pme55I BsaJdl MspRII Aval BstOI Tspkl BsoLU11I BsoFI
caaqqectggggacaccegagatgectggttataattaacecagacatgtggetgececcecccceccaacacet base
gttceggaccectgtgggetetacggaccaatattazttgggtetgtacaccgacggggggggeggggttatgga 3526

3600
Stul =cold7I Bst2UI 350BI MspRYI Tsp5091  BstXI FspdHl
HzeIII BseDI ScrFI Eco88I Bst2UI Tradl N1gIIT BbvI
PzlI SseBI BstOI Ama87I BstNI Sse9l Nsol Ital
BovI Bsi¥I MspI BshNI 3seDI ScrFI Ssp3I Eccol3CI BstDSI CviJl

33pMI Mwol MnlI BseDI Benl =¢o0641 3s5adl MspRYT Bspl4(7T 3ssT1T N1alll

350FI BstDEI  HphI BscdI Ncil MspRSI ZcoRIT Mval CviJT Rsal Neol Dsel BseRI
gctgectgagectcacceccaccecggtgeetgggtettaggetetgtacaccatggaggagaagetegetetza base
cgacggactcggagtgggggtggggccacggacecagaatecgagacatgtggtacctectettegagegagatt 3601
3675

FspdHI  Cvidl BsaJI MslI ScrFI ¥lalV BstOI 3stDZI Afal BsaJI Bspl9l
Ital Ddel BslI Hpall Bznl PspN4I Bst2UI BsrGI EzhI EcoTl4I MnlI
RstT1T Bs1ST HapTT AccB1T BstNT DdeT CsphT StyT BseDT Hso92TT

3311 Bst2UI NdeIl 3stI Dpnl BsaJl ScrFI Mall Eael HzeIII MnlI
Cac8I BseDI MspRYT DpnIl MfIT NleIV Alwl BstZ2UI Cac8I CfrI Pall BstDEI
Bsc4I BstNI Mval Saa3AI KzoYI BseDI Mval HphI BstDEI CvicI CviJl
aactaaccctgtecctggtggatecaggatgaggggcagoctgagggeggecactteccteageegeaggtitat bese
tttattgggzcagggaccacctaggteccactcecegteecgactecegecggtgaagggagteggegtecaasca 3676
3750
Alul BsaJl BstOI 3stYI Rspl43I EcoRII MspR9I BsiYI MnlI Ital Acil FspdHI
EcoRIT ScrFI BstX2T XholT AclWI BstOI 3s1I CviJT Fspddl Ddel Ttzl

FIG. 22 (Cont'd)
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BsiYT 3smFI Mool 3zmHI PspN4T 3stNI Bsc4l Ddel BsoFI BsuRI 3sofFI

AciI NeoI BstDSI Fsp4HI  Bsql
BsiYI Mwol Tsp5C91 Styl BseDI Hsp921T Bscél
BspMI Bscdl Sfel Cvicl S5se91  Ecol30I NlaIII BbvI BslI

tttcccazgzatggtitttetgettetgtagettttectyteaattetgocatggtggegeagectgecactggge base pairs
aaagggttcttaccaaaaagacgaagacategaaaaggacagttaagacggtaccacctegteggacgtgacceg 3751 to

3825
3slI BstSEI TspEI ~ ErhI FcoTl4I Ttal Cac8I TspRI
Alul BssT1I Bspl9I CviJI BsiYI
BsaJl Dsel BsoFI Bst711 BsrSI
BsrI Neil
Bsell MspI MspRIT 5Zcl Bscdl MwoT
BseNI BsiSI ScrFI CvidI Sfcl Bsll Sfel Cvidl

ttectgggagaaaccaaaccgggttctaacctticagetacagttattgectttectgtagatgggcgactacage base pairs
aagaccetetttggtttggecceagattygasagtegatgteaatzacgyaaaggacatetaccegetgatgteg 3826 to

3900

Hpall AluT BstS5=I BstSFI
Cvivl Hapll BstSE1L 331iY1

Benl

BstOI Sau96l Bsull BstNI BstYI Bspld3I NlaIV
BsmBI BseDI Mval AspSYI EcoRII Bst2UI Sau3Al Krzo9I
Alw26I ECORII Bst2UI CvicI BslI BstOI DonIl BamHI Donl
cecacceccacccccgtetectatatecttectgggectyggggatectagyettteactggaaatttecceeceg base pairs

g99t9ggggtgggggcagaggecataggaaggacceggaccectaggatecgaaagtgacetttaaaggggggte 3901 to
3975

BsmAlL Bsacl ScrFI HaelIl BsiYI MspR9YI Mool MfI1I Psp¥4I
Esp3I BStNT CZ»131 Pall BsaJl Scr+1 Ndell BstI AvrII
Mep9T Asul BscAl BseDI Mval 3stX2I XhoIl Fcol3

Styl ZcoT14T BseNI Tso5091 Bst2UT 3fal Plel CacsT ScrFI N1aIIT EcoT221
ErhI BzaJl CviJI SgeII ZcoRII Mval Mael MaeIII 3s5tO0I Mwol Bbul Zspll
Blnl Alwl I'spRl Acsl 3sebl Scrl Cvidl Cvidl <coRll CacBl Nsol Mghll(31
gtgctgtaggetagagtcacggeteccaagaacagtgettgectggeatgeatggttetgaacctocaactgras vase pairs
cacgacatecgeteteagtgecgagggttettgteacgaacggacegtacgtaccaagacttggaggttgacgtt 3976 to
4050
AcIWI Mael Bsell BsaJI MspRYI 3stSEI NlaIV 3stNI Mval Hsp92IT NlaIll
BssT1I BZal BsrI Apol BstOI Sfcl dinZI PspN4T MspROT Ppulll Nsil MnlI
CI BseDI BszSI TspEL BstNI AlwNI Tspd51 TspRI Bst2UI Pael Sohl HspG2Il

BsaJI BslI

Styl 3scdl Mwol Bsell

Fcol3d0I CviJI Mall NlaIIl Cvidl BsrSI
aaaatgacacataccttgaccettggaaggetgaggeagggggattgecatgagtgcaaagecagactgggtgae 0ase pairs
ttttactgtgtatggaactgggazccttecgacteegteecectaacggtacteacgttteggtetgacccaceg 4051 te
4125

Eral 3seDI BstDII Hsp9211 BseNI

BssT1T BsiYI BsrI

FIG. 22 (Cont'd)
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EcoT14I  Ddel

Msel BsoRBI
AtsI  BsmAI Tsp091 Eco88I
1thlilll Ssebl AnaB7l

atagttagaccoctgtetcazaazaccaaaaacaattasataactaasgtcaggeasgtastectactegggagac base pairs
tetceatctgogacagagttttttgotttitottzatttattgattteagtecgtteattaggatgagecctety 4126 to

4200
AspI  AlwZel TsoEl Bcol
T-u91 Aval
Trull
Nsol  Pall CviJI ScrfI Bfal
BsmAT Af1IIT 3stDEI Cac8I Bst2JI PstNHT 3st57T
Alw26I MnlI 3gpLUL1I  Hzelll BstOI CviJl Accl

tgaggcagagggattgttacatgtetgaggecagectggactacatagggtttcaggetageectgtetacagag base pairs
actcegtetecctaacaatgtacagactecggteggacctgatgtateccaazgtecgategggacagatgtete 4201 to

42715
DdeI MnlI MzeIII N1aIII CviJI BstNI Mval Nhel CviJI Sfcl
BstDZI Hs09211 BsuRI MspRII Mael
DdeI MnlI Ec¢oRII Cac8I
Drall CviJI MspAll Mwol Bst2UI EcoRIT Mval
Asul Haelll Alul 7spdHI BstOI Hsp92II Bst2UI
Cfrl3I Pall Pvull Ital  EcoRII ScrFI  BstNI

taaggccectatttcaazaacacaaacaazatggttcteceagetgetaatgeteaccaggeatgaagectggtga base pairs
attecgggataaagtttttgtgtttgttttaccasgagggtegacgattacgagtggteagtactteggaccact 4276 to

4350
Sau%6I BsiRI CviJI BbvI PstNI NlalIII MSpR9I
30001091 NsgpBII Bst71I MspRII CviJI SczFl
AspS9I BsoFl Hohl Mvel  BstCI
BstDEL Maelll
Mwol BsrDI BsrDI MnlI Cac8l CvidJI Ddel MnlI CviJI

goattageaztgaaggcaatgaaggaggotgetggctacaateaaggetgtygggoactgagggeaggetgtaze vase pairs
cgteategtiacttecgttacttccteccacgacegatyttagticegacacecectgactecegtecgacattyg 4351 to

4425
Mwol CviJl BsmFI  Cac8I
HphI
N1aIV EcoRII Bst2UI BsaJl BatZUI Benl SerFI Sau9el
Asul HaelIl BstNI CviJI BstNI Hinfl BsiSI Rscdl Aso39I
CvicT Cfrl13T CviJT 3st0T Maell 3stOl 3smFI N1alIT Msol BsiYI

gggcttyggggccagggcettatacgtgectyggacteccaaagtattactgttecatgtteceggegsagggeca vase pairs
tcegaacceecggteccgaatatgeacggaceetgagggttteataatgacaaggtaceagggecgetteceggt 4426 to
4500

Sau96T Pall BseDI Mval BseDI Mval Hsp9211 Hepll Cfrl3l

FIG. 22 (Cont'd)
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AspSOT Bsull MsoR9I BsaAI MspR9I Plel Neil MspRYI dzelll
PspNAT Bsadl Scr?T FcoIT ScrFI Hpall 3s1T Asul
CacB8I 3smFI DdeI Bsrl BssT1I Fspddl
Pvull Acil BZal BseNI E~hI BseDI Cvidl
CviJI Alul Faul Alul Plel Ddel N1alV BsrSI CviJI EcoT141 3st7lI

getgtecccegecagetagacteageacttagtttaggaaccagtqageaagtcageecttggggeageccatac base pairs
cgacagggggeggt.egatetgagtegtgasteasatecttggteactegttcagtegggaaccecgtegggtaty 4501 te
4575

BSuRI MspAll Mael BstDal PspNAT TspRI Ecol30I 3soFI  Bscdl
CvidI CecB8I HinfI Bsell Styl Bgll Ital
Pall Nsp3IT CviJI BstDFI Bsadl Mwol Bbvl

CviJdl BssT1I N1aIII CviJdl Czc81 BstNI Cfr13T Ecod71 BsiYI BseDI Bmyl N1alV
Bs1T Fcol3CT BseDI Hsp92TT Ttal 3sql BstCI Sinl Avall Bs1I HapIT Scr#I AccBll

HaeIII Ncol Dsal BstXI =spddl BsaJl ScrFI Sau%el PsoNAI BsaJl Sdul 3anl
aaggccatggggetgggeaagctgcacgeetgggtecggygtyggycacggtgeecggycaacgagetgazagete base pairs
tteeggtaccecgaccegticgacgtgeggacceaggecceaccegtgecacgggeccgttgetegactttegag 4576 to
4650

BsuRI BsaJI Bsol9I CacB8I 3bvl 3seDI Mval HgiEI 3scdl Hpall MspRSI 3shiI
BsiY¥I FrhI Ecol14I CvidI Alul 3st71I MspRII BmelBI AspS9I Mspl Ncil Bspl2861

Fall StyI 3stDSI Mwol BsoFI EcoXII Bst2UI Asul N1aIV BsiSI Benl Ecobdl

Fco881 Sdul Joall S»fl Alul Sau961 HaelTT BmyIl Bsc4T BsiYI Mval FcolII
C£x91 Bso3I Benl ScrFI CviJl PsoOMI PspNAT Bspl2§6I Bsadl BstCI CwidIl Bst2UI
Ama871 BseDI 3myl Haoll Cvidl Cfrl3I Drall Cvidl FriCl Mnll BstNI BsmFI MsoR9I
atctgeteteaggggeccctecctggggacageccctectggetagteacaceetgtaggetectetatataace vase pairs
tagacgagagteeccggggagggacecctgtcggggaggaccgatcagtotaggacateegaggagatatattag 4651 to
4725
Bcol BsaJl BsiST MsoROT Alul 3spl20T N1al¥ BsuRI Apel BseDI Bst2UI 3stNI
PgpAl Xmal Neil MspI Smal Ddel Asul As0S9T Sdul 3anIl EcoRIT Scril 3st0I
PsoN4I Aval Bspl2861 PspALI BstDEI 2co01091 Fall EFco24l BslI MspRSI Mall ScrFI

Mael RstSFI BseDI ScrfFI Bmyl Ital CviJI HaelIII Xbal BstYI Sau3AI Kzof8I 3sall

SfcI PspN4TI BstOI Bspl2861 Bsc4l Eael BsuRI AccBSI Ndell BstI NlaIV Ama87I

Tspd5T MnlT BstNI Sdul FspdHI 3siYT CviJI Acil Bfal Mool Mf1T MnlI BseDI
caggggcacaggggetgeccecaagetggeegetetagaggatececgggactagaatteaccatgtetagatta vase pairs
gteecegtgteccegecgggggttegaccggegagatetectaggggecetgatettaagtggtacagateteat 4726 to
4800
Mval MaeIII Bsexl MspRII AlwNI Bbvl Alul Pall Ital Mael 33tX2I xhoIl AclWI
Cvidl Cvidl Bsaul 3st2JI Cvidl Bst71I CIrl BscFI BsrBI Dpnll BamHI Dpal Alwl

Bfal NlaIV =coxII Mval Bsc®1 3511 CacBI FspdHI BstDIO2I Bspld3I PspN4I

Eco881 Hpall Mael TsoFEI Xbal Tru9I AspLEI BbvI Hinfl
BsoRI HapIl 3fzI Apol Mael Msel Hdnal FspdHI MnlI Trull
Aval Ncil Scr=1 3smfI Tsp5091 4inP1I CviJI Tru8l Tfil Tru9l
gataaaagtasagtgettaccagegeattagagetgettaatgaggteggaategeaggtttaacaaccegtaze oase paizs
ctatttteatttcactaattgtegegtaatetegecgazttactecagecttagettecaaattgttgggeattt 4801 to
4875
Bcol Xmal Mspl Smal AcsI Hphl Bfal Hin6I BsoFT Msel Ttad38I Msel
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C£r9I Benl PspALI IcoRI Hso92IT HspAI Alul Bst7lI Taql
PspAI BsiSI MspRIT Sse91 N1aIII Trull Cfel Ital Trull

BevI Mwol Bbill
Alul Ital Nspl Faul HinlI
diadIII BsoFI TspRI N1aIll CacBI TtaHBYI
ctegecezgazgettggtgtagageagectacactgtattggeatgtaaaaaataagegggetttgetegacgee 0ase paizs
gagcgggtettogasccacetetegteggatgtgacataacegtacatittttattcgecegasacgagetgegg 4876 to
45950
Cvicl FsodHI Hsp9211 Acil Tagl Bsall
BstXI CvidI CvicT Msol 71
Bst71I Hs0921
DdeI JlaIv Dral
Hgal BshNT Trull CaclI
Acyl Ms1IT Eco6dl Trud9l BsiVl CviJI

ttagccattgagatgttegataggraccatacteactttigeectitaaaaggygaaagetggeeagatttttta oase pairs
aatcggtaactctacaatetatecgtggtatgagtgaaaacgggasatitticeectttegacegttctzaazaet 4951 to

5025
Cvidl BanI Msel RslI Alul
BstDET AccBlI FEcoNI
PsolN4I Bscdl
Afal
Ddel Ms1I BszDI Cspél

cgcaataacgetezasgttttagetgtgetttactaagteategeaatggageaaaagtacattcagatececgg oase oairs
gcgttattgegatttteaazatetacacgazatgattcagtagegttacctegttttcatgtaagtetatgtgee 5026 to

5100
BstDEI Rszl
Sfcl
Pall Tsp5091
HaeIll TthHBSI Sse91 CvidI Mzel Af1TTI

cctacagaaaaacagtatgezactotegaasatcaattagectttttatgccaacaaggtitttcactagageac base oairs
ggatgtctttttgtcatactttgagagettttagttaatcggaaasatacggttgticcaaaaagtgatetetty 5101 to
5175

Cvidl Teql TspEL Bfel  MIlul

FIG. 22 (Cont'd)
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BsuRI
3stSFI

BstUI Hin6I AsplEI Bspl43l
Thel HiaP1I CZol MboI Dpnl

Mwol Ddel Aor51HI Haell Dpall MooII SfaNI
gegttatatgcacteagegetgtggggeattttactttaggtigegtattggzagatcazgageatcaagteget nase oairs
cqczatatacgtgagtogegacacceegtazaatgaaatccascgeataacctictagttctegtagttcagega 5176 to

5250

Bsh12361 BstDEI Afel Bsol43II NdeIl
AcclI HspAI Hhzl Sau3Al
MvnT Ecod 7111 BstH2I Kzo91

Tsp509T Mbol Kzo9T
Ttal TthHRET  BelTl Bsold3T
MbolIl BsoFI CviJI SseYT  Fbal SaudAl
adagasgaaagggaascacctactactgatagtatgeogecattattacgacsagetategaattatttgateac nase vairs
tttettetttecctttgtggatgatgactatcatacggeggtzataatgetgttegatagettaatasactagty 5251 to

5325
FsodilI Alul TspEI  Dpnll
AciT Tagl NdeTT
Ks0221
353711 Cvill TspEI MboI Dpnl
3seDI Mwol PzlI Sse91 NdeIl =auNDI Trull
Bz3aJI Bsqgl HzeIIl  Fbal Sau3al Acil Trudl

caaggtgcagagecagecttettaticggecttgazttgateatatgeggattagaaaaacaacttaaatgtgas oase pairs
gttccacgteteggtoggaagaatasgeeggaacttaactagtatacgectastetttttgttgeatttacactt 5326 to

5400

Dpnl Styl MslI CvidJl Cvidl Dpnll Zzo91 Msel
Ecol3CI HphI Cac3I Bsuzl BclI Bspld3l

ErhI EcoTl4l TspS09T Ksp22I Ndel

JqiFI AspSYT Acil BsoFI Thal MvnI Cac8I Bshl2361 AZal Taql Zcc01C9I CeacBl

3mel81 PspNAT Cspél FspdHI Reell Haal AceIl PE£123T1 Tso509T DraIl Pall

CZr131 NlalV Bshl236I Ital 3sePI Acil Taal PspLl Rsal TtaHBZI AspSS9I TtaHREI
agtgggtecgegtacageegegegegtacgaaazacaattacgggtetaccategagggectgctegztetecey hase pairs
tcacccaggegeatgteggegegegeatgetttttgttaatgeccagatggtageteceggacgagetagaggge 5401 to
5475

SinT Avall AccIT 2sal dinP1T BstUT Cfol BstUT Sunl SseST Cfr13T Haelll

Sau9%6T Thal 3stUI CviJT BssiIT Bsh12361 MvnI BsiWI TspEI Sau9el Cvidl

Asul Zcod7I Mvnl Afal dspAl Hinbl AspLEL Spll Csp6l Accl Asul Mnll BsuRI

Sau3AI Benl HinlI dgal Asp632I BscFI PspN4I BstUI BgeDI Mval Faul Acil
NdeII BsiSI HaoIl Hsp92I Eamll04I Cac8I NlaIV Hin6I AspLEI AccIl Zspl Sacll
Kz09T MsoIl Mspl7I BslI EarI CvilI Acil Thal Acil BsaJl BstUI Sfr303I
gacgacgacgcecccgaagaggeggggetggeggetecgegectgtecttictececgegggacacacgegeaga base pairs
ctgctgetgegggogettetecgeecacgacegecgaggegeggacaggaaagaggggegecetgtatgegegtet 5476 to
5550

DpnIT DonI Foall BbiIl Bsc4I MnlI Mwel CvidI AccII Hhal BstDSI 3sh12361 BsmFI
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Taql Bsold3T MspRIT Acyl Bsi¥I Acil FspdHI HspATl Bshl12361 Dsal Nsp3II1 SstII
MooI Ncil Scr3T BsalI MbeII Faul Ital HinP1I MvnI CZol Thal MspAlI Cfrd2I

AccIT AspLEI HindIT CvidI Bshl235I BstOI Ecll36II BmyIl Sacl BsiHZAI
Thal Mval TthHBEI AsoSY9I Pspl4l CviJI MspROI Alul AspHI BenlII BstDTI  Hinél
HinP1T Hnal AceT Sau96T NlalV PsaAT 3stNI BsmFT BsplZ86T FriQl Ddel HinP1I
ctgtegacggeccceccgaccgatgteageetgggggacgagetecacttagacggegaggacgtggegatggeg base pairs
gacaqetgeegggggggetggetacagteggaceecctgetegaggtgzatetgecgetectgeacegetacege 5551 to
5625

BstUT Sall HincII JaelIT BstMCI BseDI Mval CvicT 3bvl2I Alw2ll HspAl
HspAI 38212361 CZrl13I Pall BsiZI EcoxII Bst2UI Sdul EcoZ4I Sstl MasIl
Hinel Cfol Taql Asul BsuRI BsaOl BsaJl ScrT EcolCRI PsplZ4BT Mnll

AsolET Nspl AccIT Hhal MamI Bse8T Bspl43T Nspl Beol Xmal Hoall Smal

Pael SphI BstUI Cfol TthHB8I Mbol AZIIII T{il Awa3’l Neil dazpll Sind

N1aIII Thal Bshl1236I BszBI DpnIl Dpnl  BsmFI  BsaJl ZcoB88I Mspl Cfr13I
catgccgacgegetagacgatttegatetggacatgttgggggacgggoatteccegggtecgggatttaceeee base pairs
gtacggctgcgegetetgctaaagetagecctgtacaacceectgeccetaaggggeccaggecetazatgggyy 5525 to

indal
570

CacBT HinP1I HgsT 3fsT Taqgl NdelT BspLU11I  Hinfl CZr9T BsiSI ScrFI Bmel8I

Hhal Hsp9211 Hin6l AspLEI BsrBRI Sau3Al Nlalll BseDI Aval Benl PapALI
Cfol Bbul HspAl Mvnl Mael Bsh1365T Xzo9T1 Hsp93211 PspAT BsoBT MspROT Saulsl
HgiEI P3pN4I Ncil Plel Hspal Ctrl BasTll
AveIT BslI HapIl Acil AspLEI Eael Taql ErhI BseDI
Eco47I BsiYI Benl HinP1I Bspl43II 3suRl SZaNI EcoTl4I

cacgzcteegecceectacggegetetggatatggecqacttegagtttgagezgatgtttaccgatgeeettgga vase pairs
gtgctyaggegggggatgecgegagacetataceggetgaagoteaaactegtetacaaatggotacgggaacct 5701 to
5775

AspS91 Hoall HinZl dhal Hzell Cvidl ['thHBBL kcol3Cl
Asul Bsc4I MspI YMspRYI Cfol BstH2I Pall Styl Ssedl

N1aIV 3siSI ScrZT Hinél HaeIll BsaJl

Tsp5091 NdeII BamHI Dpal BseDI Aval Ncil Scr®I Acc65I Rsal PinAl
Afal DpnIT Bspld3T AclWI PgoAl B3iSI MspRIT Aspll8I AZal BsaWl
Cspél BstYI Sau3AI PspN4I Bcol Xmal Hoall EccbdI Nlalv BslI
attgacgagtacggtgggatggatoccegggtaceggtegecaccatggtgageaagggegaggagetgttcace vase paizs
taactgcteatgeracectacctaggggeccatggecageggtggtaccactegticocgetectegacaagtag 5776 to

5850
Rsal BstF5I MfI1T XKzo9I AlwI Eco83I Mspl Smal 3shNI Bsc4I BssAI
BstX2T Bstl NlaIV Ama871 BsoBI HaeIl BanI Cspb6l Agel 3srFI
TspEI MboI FokI XhoIl BsaJl Cfr91 Benl PsoALI AccBLI PspN4I

Cfr10T BsaOI BssT1I Bspl9I BseRI BsaJl ScrFI PspNAT BstOI TthH38I Haelll
HpsII Bshl2851 EcoTl4T Hsp92IT Mspl MspRYT Acc31I BstFSI Mval Cvicl Fall
331YI HaoII Ecol3CI BseDI N1aIII BsiSI Ncil Eco64T Bspl286T MspR9I Alul CviJI
gggqtggtgeccatectggtegagetggacggegacgtaaacggecacaagtteagegtgtecggegagggegag vase pairs
ccecaccacgggtaggaccagetegacetgeegetgeatttgeoggtgtteaagtegeacaggecgetecegete 5851 to
5925

BsiSI BgiZl Styl BstDSI MnlI HpaII 3cnl Banl Sdul TcoRII ScrFI Maell Hpall

FIG. 22 (Cont'd)
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MspI BstMCI Ncol Dsal IphI Alul BseDI Ms1I N1aIV 3:tNI Bst2UI Zael BsuRI
BsellBI Kenl ErhI Bsadl MslI CviJI HapIl HohI 3shNI BmyI FokI Tagl Cirl 3siSI

MspI Cfrl0I MwoI Ital BsaJl 3siVI
apIl Alul BerFI HaeIl FsplHI EcoRIT 3st0I
MwoI SfaNI Cac8l FcobTI 359l Hpall Alul Bst71I Bspl2361

ggcgatgecacctacggeaagetgaccetgaagttcatetgeaccaccggcaagetgeocgtgeectggeccace base pairs
cegetacggtggatygeegttegactyggacttcaagtagacgtggtggecygttegacgggeacgggaccggatgg 5926 to

6000
Begl Cvidl BssAI Msol 3s07I Bscdl 3slI
Mnll BsellBI Cvicl Mwel Sdul 3myl
Mnl1T BsiST Cac8I BbvI BseDI 3stNI
Mval Asul MslT Bsc4T BstNT Cac8I Itel Ital
Sau96l BsuRl BssSl BseDl Mval Cvivl Bsokl
Scr=T AspSYT Mzelll BsaJl ScrFT TspRI BsoFI N1allTl BbvI

ctegtgaccacceetgacctggggegtgoegtgcticagecgetacececgaceacatgzageageacgacttotic base pairs
gegeactggtgggactggaccecegeacgteacgaagteggegatgoggctggtgtecttegtegtgctgaageag 6001 to
6075

Msp9T HaelIT 3siI BslI BstOI Mwol Eco57I d5pl211
Bst2UI CviJl Mall EcoRIT MsoR9I Bsgl  Fsoddl TspdHI
Cfrl13T Pall Tsnd5I RsiYI Bst2UI Aeil Bst71I
Msp291 Hhal Hinél
Hsp9211I BstNI HinPlI Thal
MboII  Acil CviJl EcoRII Mval CZol  MbolI HinPlI

eagtecgecatygecegaaggetacgteceggagegeaccatettettcaaggacgacggcaactacaagaceege base veirs
ttcaggeggtacgggettecgatgeaggtectegegtggtagaagaagttectgetgecgttgatgttetgggeg 6076 to
6150

N1eIlI MaeIl ScrFI Hinél HspAI
BstOI Hspal AccII
Bst2UI AspLEI BstUI
Acil BssJI TthHB8I 3stNT Hphl Alul
MvnI Cfol Mall EcoRII ScrFI  Tagl Tagl
AspLEI BslI MnlI  Bsacl MspRII Acil Cvidl Ecob7I M1l

geegaggtgaagttegagggegacaccetggtgaacegeategagetgaagggeategacttcaaggaggacgge base oairs
cggetecacttezageteecgetgtgggaccacttggegtagetegacttecegtagetgaagttectectgecyg 6151 to

6225
Bsh12361 3siVI BseDI Bst2UT  TthHB8I TthHBBT
Faul Bscdl Hphl MslI Mval SfaNI SfaNI
Hhal BscDI Taql 3s5t0I
BstNI ScrFI BomI
BseDI Bst2UI Alul Cspbl
FcoRIT FokI Bspl286I CviJl Maell HphI Mbell

aacatcctggggeacaagetggagtacaactacatcagecaceaacgtetatatcaccgecgacaageagaagaac base pairs
ttgtaggacccegtgttegaccteatgttgatgtagteggtgttgcagatatagtggeggetgttegtettettg 6226 to
6300

FIG. 22 (Cont'd)
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BsaJl MspR9T CvicT Rsal Acil
BstF5I Sdul Gsul
BstOI Mval 3myl  Afal
331RI Mool Bspld3l Bst711 Alul
Cvidl BstX21 Dpnl TthHBBT  Ttal  Ttal 3bvI
SfaNI BstYI MZ1I AlwI MnlI BsoFI BsorI 33t71I

ggcatcazggerzactteaagatecgecacaacategaggacggcagegtgcagetegeecgaccactaceageag base paizs
cegtagttecggttgaagttetaggeggtgttgtagetectgecgtegeacgtegageggetggtgatggtegte 6301 to

6375
Jzelll DonII XhoII Acil 7spAHI Fspldl CacBI
Pzll NdeTT Kzo9T Taql BbvI CviJl
Saul3AT AcldT CacBT Bsgl
HaeIIT BsoFl Byl 33eNI 3stDEI
Asul Pall Ital BsplZ286I Acil
CZr13T BsuRI RbvI Ddel Sdul 3siHZAAT

aacacccccateggegacggeccegtgetgetgecegacaaccactacctgageacceagtecgecctgageaaa base paizs
ttgtgggggtegecgetyeoggggeacgacgacyggctgttggtgatygactegtgggteaggegggactegttt 6376 to
5450

Sau96l Nlalv BstTll Bstbbl Alw21l Bsrl
250891 PspN4I Aspdl 35131 Ddel
CviJI  FsplHI Bbv12I 3:zell

TazI Bsh12361 Donl HspS2T1T BemI *spdHI HepIl NdeIl AlwI
Hin6l MvnI NdeIT N1aIIT Asul Gsul BsorI Mspl 3¢al Sau3aAl N1alll
HiaP1I AsoLEL Bspl4d3l Sau96l AspS9Il Ital Hpell ScrFI Bsold3l
gaccccaacgagaagegegateacatggtectygctggagttegtgacegecgeegggateacteteggeatggac base pairs
ctgggettgctettogegetegtgtaccaggacgaccteaageactggeggeggecctagtgagagecgtacetg 6451 o
6525
IspAI 3stUI Mool CZz13I HgiEI Tspd5I Bsc4I 3siYI Mool Dpnl Hso92II
dhel Cfol Sau3AT Sinl Avall MaeIII BslI Ncil Dpall AclWI
Accll Dpnll Kzo9l Bnel8l bcod7l  Acil BsiSl MspRY9l Kzo9l

Bspl1071 BsoFI Ital CviJI RBsalI Bshl2361 Sau3Al BsrBRI
SspBI CfrT Fspd4HT BsuRI AccIT Hinfl DpnII Maml Mnll
CviJI Afal Ezel NotI HaelITI Rsh12851 Elel MboI Dpnl CviJI
gagctgtacazgtaazgeggeegegactetagateataateagecataccacatttotagaggttttacttgett nase pairs

ctecgacatgtteatttegecggegetgegatetagtattagteggtatygtytaaacatetecaazatgeacgea 6526 to
6600

Cspbl BatZl ZclXI Pall RstMCI Acil Bfal KzoSI Bshl3651

Alul Resal CciNI Zcob2I BsikI BstUI Xbal NdelIl BsaBI
BsrGI Eagl XmeIII AciI Thal MvnI Mael Bspl43I BselI
Munl Hincll

Trull Mval2691 Msel
Trudl MnlI Mall Mfel BsaMI TruaSI

tasaasaccteccacecoteoccoctyeacctgaaacataaaatgaatgeaattgttgtigttaacttgtttetty bese pairs

FIG. 22 (Cont'd)
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Msel BsmI Tsp5091 Hoal
Dral Ssebl Trull
TspEI HindII
Alul Aool BseMI
TteT Bst71T AcsI Mvz1269T1
Bsokl Maelll SfeNI TspRI

cagcttataatggttacasatazageaatageatcacaaatttcacaaataaageattttttteactgeattcta base paizs
gtegaatattaccaatgtttetttegttategtagtotttaaagtgtitatitegtazzaaaagtgacytaagat 6676 to

6750
Fso4HI 5sell BsmI
Cvidl TSpEI Mael
BovI Tsp5091 Bfcl
MspCl
Bst 98I

BspTI Msel
gttgtggtttgtccaaactestezatygtatettaag bese oairs
coacaccasacaggtttgagtagttacatagaatte 6751 to 6786

Af1IT Trull

VhadbdT

RfrI Trudl

FIG. 22 (Cont'd)
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Table by Enzyme Name
Enzyme No. Positions Recognition
name cuts of sites sequence
Aatl 2 2964 3530 agg/cct
RatIl 1 2462 gacgt/c
Accb5I 5 1107 1570 2837 2994 5805 g/gtacc
AccBlI 11 926 1107 1255 1570 2837 2994 g/gyrcc
3626 4624 4973 5805 5856
AccBTI 3 1102 2150 34150 ccannnn/ntgg
AccBSI 1 4760 gagcgyg
AccT 7 1577 1613 1637 2187 4267 5446 gt/mkac
5551
AccII 17 238 319 637 1568 2812 2861 5176 cg/cg
5410 5420 5424 5514 5533 5544
5635 6149 6467 6548
AcilI 44 241 245 287 350 463 601 640 707 ccgc
748 1213 1251 1283 1514 1556
1569 1636 1782 13900 2355 2862
3725 3742 4512 4758 4935 5290
5375 5411 5421 5500 5509 5515
5534 5711 6042 6083 6150 6189
6284 6327 6440 6500 6545 6549
AclINI 1 1592 a/ctagt
AclWI 14 281 466 1096 1559 2683 2757 2832 ggatc
2874 3699 3946 4769 5800 6325
6510
AcsT 11 6% 1586 1653 1801 2320 2571 2849 r/aatty
3371 3962 4780 6713
Acyl 4 2459 2915 4946 5483 gr/cgyc
AfaTl 20 254 536 1109 1572 2196 2303 2465 gt/ac
2587 2785 2839 2975 2396 3648
5084 5413 5427 5785 5807 6250
6532
Afel 1 5193 agc/get
Af1TI 2 1 6781 c/ttaeg
AFITIT 6 1058 1233 3570 4219 5174 5657 a/cryot
Agel 1 5808 a/ccggt
AluT 47 108 258 432 543 581 807 840 912 ag/ct
945 1326 2060 2317 2540 2556
2808 2818 2845 2949 3002 3352
3358 3393 3449 3665 3781 3861
4317 4501 4515 45%6 4640 4647
4750 4833 4887 5009 5305 5592
5841 5874 5946 5979 6185 6243
6354 6528 6678
Alw211 11 360 1075 1626 1766 1925 2847 gwgcw/c
2851 3004 3354 5584 6430
Alw261 8 1711 1949 2224 2614 2821 3820 gtcte

FIG. 22 (Cont'd)
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4143 4200
2 1071 1762 g/tgcac
14 281 466 1096 1559 2683 2757 2832 ggatc
2874 3699 3946 4769 5800 6325
6510
4 2150 2375 3878 4739 cagnnn/ctg
11 1559 2833 2990 3339 3347 3541 c/yegrg
4191 4628 4770 5679 5801
1 5193 agce/get
4 1439 1566 2763 4667 gggcc/c
2 1071 1762 g/tgcac
11 69 1586 1653 1801 2320 2571 2849 r/aatty
3371 3962 4780 6713
1 1700 at/taat
1 1700 at/taat
1 1340 gaann/nnttc
5 1107 1570 2837 2994 5805 g/gtacc
11 360 1075 1626 1766 1925 2847 gwgcw/c
2951 3004 3354 5594 6430
1 4136 gacn/nngtc
16 321 637 678 2495 2553 4825 5194 gcg/c
5422 5516 5546 5625 5637 5722
6110 6151 6467
29 306 389 790 1026 1080 1422 1435 g/gncc
1562 1733 1854 2015 2687 2759
2856 2875 3455 3934 4279 4434
4495 4608 4663 5405 5457 5558
5683 5993 6394 6477
29 306 389 790 1026 1080 1422 1435 g/gncc
1562 1733 1954 2015 2687 2759
2856 2875 3455 3934 4279 4434
4495 4608 4663 5405 5457 5559
5683 5993 6394 6477
1 4136 gacn/nngtc
11 1559 2833 2990 3339 3347 3541 c/ycgrg
4191 4628 4770 5679 5801
8 306 1954 2015 2875 4608 5405 g/gwce
5683 6477
3 1397 3476 3946 c/ctagg
2 974 2044 tgg/cca
7 1555 2753 2828 3695 3942 4765 g/gatcc
5796
11 926 1107 1255 1570 2837 2994 g/gyrcc
3626 4624 4973 5805 5856
10 1439 1566 2157 2763 2847 2851 grgey/c
3004 3354 4667 5594
1 2471 at/cgat
4 2459 2915 4946 5483 gr/cgyc
1 1236 cac/gtg
4 1320 1420 2122 2889 gaagac
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The following endonucleases were selected but don't cut this sequence:

Accll13I, Accl6I, AccIIZ, AhdI, AocZ, AscI, AspEI, AvilI, Bbel, Bsal, BseZlI,
BseAI, BsiMZ, Bspl3I, Bspt8I, BspCZ, BspEI, BstE_I, BstPI, BstSNI, Bsu36l,
CpoIl, Cspl, CvnI, Eaml_05I, EclHKI, Ecol05I, Eco255I, Eco3lZ, Eco32I, EcoBlI,
kco91Ll, Eco065l, EcoRV, khel, rsel, rspl, Kasl, Kpnzl, Mrol, MroNl, Nae_,
NarI, NgoAZV, NgoMI, Nrul, PacI, P_elSI, PmeI, PspEI, Pvul, RsrII, SapI,
SbfIl, Sca_, SexAI, Sfi_, SgfI, SgrA_, Smil, SnaB_, S$se8387I, SspIl, Swal,

Xeml

FIG. 22 (Cont'd)
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CONDITIONAL MST OVEREXPRESSING
CONSTRUCT AND CONDITIONAL
MYOSTATIN OVEREXPRESSING
TRANSGENIC MOUSE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application claiming the
benefit of, and priority under 35 U.S.C. §120 to, U.S. appli-
cation Ser. No. 12/398,994, filed Mar. 5, 2009, now U.S. Pat.
No. 8,222,478, issued Jul. 17, 2012, which claims the benefit
of, and claims priority under 35 U.S.C. §119(e) from U.S.
Provisional Application Ser. No. 61/034,083 filed Mar. 5,
2008, the contents of all of which applications are hereby
incorporated by reference in their entirety.

GOVERNMENT SUPPORT

This work was made possible, in part, with support from
the United States government, NIH/MBRS Score Program
Grant: 506 GM 0685510-01 and NIH/NIASMD grant
1R21AR0541010-01A2. The United States government may
have certain rights in this invention.

A Sequence Listing is provided in electronic form in the
text file named “CDU-0001US.txt” and being 37.45 kB in
size, which was filed with the United States Patent and Trade-
mark Office on Mar. 12, 2010, the contents of which are
hereby incorporated by reference in their entirety.

FIELD OF THE INVENTION

The instant invention relates to the field of molecular
genetics, in particular to the generation of transgenic mice,
and most particularly to the generation of conditional trans-
genic mice which allows for the study of myostatin gene
expression at different stages of development.

BACKGROUND OF THE INVENTION
Myostatin a Member of the (TGF)-13 Superfamily

Myostatin (Mst), a member of the transforming growth
factor (TGF)-13 superfamily, is thought to be a negative regu-
latory protein of skeletal muscle mass during embryological
development (McPherron et al. Nature 387:83-90 1997) and
to be a genetic determinant of skeletal muscle mass in mice,
cattle, and humans. Mst is also referred to as growth and
differentiation factor-8 (GDF-8). Specifically, Mst is thought
to be a negative regulator of skeletal muscle mass; to modu-
late transcription of muscle-specific genes; to keep muscle
progenitor (satellite) cells in a quiescent state; to inhibit
muscle regeneration; to inhibit proliferation and differentia-
tion of myoblast; and to downregulate DNA and protein syn-
thesis. All members of the (TGF)-f superfamily share a com-
mon structure including a short peptide signal for secretion
and an N-terminal peptide fragment that is separated from the
bioactive carboxy-terminal fragment by proteolytic cleavage
at a highly conserved proteolytic cleavage site.

Since myostatin belongs to the TGF-f superfamily, it is
likely to share many features to different members of this
family. The biologically active forms of TGF-f are dimers
and have been shown to signal by binding receptors followed
by activation of Smad proteins. The myostatin gene is com-
posed of three exons. Mst is a 376 amino acid long protein
including a signal sequence for secretion, a proteolytic pro-
cessing site and a C-terminal cysteine residue, like other
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Members of TGF-f superfamily. The biological activation
mechanism includes a proteolytic process yielding a 110
amino acid at the C-terminal region, capable of forming a
disulfide-linked dimer. The bioactive carboxy-terminal
domain is encoded by the third exon and is characterized by
cysteine residues at highly conserved positions which are
involved in intra- and intermolecular disulfide bridges. Func-
tional myostatin protein molecules are covalently linked (via
a S—S bond) dimers of the carboxy-terminal domain.

Myostatin is expressed in skeletal muscle and its precur-
sors from early embryonic stages until adulthood. Myostatin
expression is also observed at a lower level in adipose tissue
(MePherron et al Nature 387:83-90 1997). Myostatin mRNA
has also been observed in the mammary gland (Ji et al. Ameri-
can Journal of Physiology 275: part 2, R1265-1273, 1998)
and in cardiac muscle (Sharma et al. Journal of Cell Physiol-
ogy 180:1-9 1999).
MHC Isoforms

The pathomechanism of muscle wasting is not completely
understood, but it is characterized, among other things, by the
derangement in size and number of muscle fibers. Muscle
function depends on fiber numbers and size, and its myosin
heavy chain (MHC) isoform composition. Mst has an effect
on these muscle determinants, although data are contradic-
tory. Myosin, the most abundant protein expressed in striated
muscle cells, was first isolated by Kuhne in 1864. Years later,
its central role in the contractile process was elucidated. Myo-
sin comprises ~25% of the total protein pool and exists as a
complex molecule. An important feature concerning muscle
structural/functional properties is the existence of the MHC
gene family of motor proteins in which specific genes encode
MHC protein isoforms. These isoforms have distinctly dif-
ferent ATPase (and shortening velocity) properties, which
impact the intrinsic functional properties of the individual
myofibers in which they are expressed, and provide the
molecular basis of a muscle fiber’s functional diversity. Four
different fiber types, each with different mechanical proper-
ties, have been reported in rodent muscle: slow type, and fast
types IIA, IIX and IIB. It is well recognized that muscles are
capable of undergoing significant transition in MHC isoform
expression, and several animal models have been developed
to determine this plastic feature during different mechanical
conditions. After endurance exercise training, MHC type |
and IIA increase, and MHC IIX decreases. Mechanical
unloading upregulates the fast MHC protein isoform content
while concomitantly downregulating the content of the slow
MHC protein isoform. In contrast, mechanical overloading
produces a significant reduction in the relative proportion of
the fast type IIB MHC isoform and a concomitant increase in
the slow type I MHC isoform. Removal of load bearing via
hindlimb unloading results in similar changes.
Overloading and Unloading the Muscle

In skeletal muscle, interventions that unload or reduce the
weight-bearing activity of the muscle cause slow-to-fast
MHC conversions, whereas fast-to-slow conversions are seen
when the muscles become either chronically overloaded or
subjected to intermittent loading, as occurs during resistance
training and endurance exercise. How physiological condi-
tions change muscle function and muscle composition has
been investigated. Overloading muscle in wild type rats by
removing almost all muscle in the hind limb except the plan-
taris, and then unloading that muscle by casting the animal’s
limb in order to immobilize it, yields unexpected results. Over
time, the plantaris fast muscle, which originally contains 65%
MHC isoform IIB type MHC isoform, shifted to slow type
muscle. Using antibodies against all 4 different MHC iso-
forms, it was possible to identify a shift in MHC isoform
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composition. Prior to overloading, the muscle contained
60-65% fast type JIB fibers, but after six weeks of overload-
ing, the ratio of the IIB:1IX had increased. During those six
weeks it was found that the concentration of the type I1IB
isoform gradually decreased, the ratio of the IIB:IIX
increased, and thereafter, the rate of IIX:IIA also increased.
By the end of experiment, the majority of the muscle con-
tained isoform type I (slow type). These findings demonstrate
a partial shift toward a slower phenotype; however, the high
degree of polymorphism found in the plantaris muscle repre-
sents a unique design that appears to minimize the functional
consequences of these MHC transitions, and could be a char-
acteristic of fibers with high adaptive potential, i.e., hybrid
fibers are more suitable to switch phenotype to meet new
functional demands.
Shifting Myosin Heavy Chain (MHC) Isoform

It has also been shown that Mst knockout mice lose more
muscle mass after hindlimb suspension, and it is not clear
whether this is a consequence of the modified muscle devel-
opment during embryogenesis or a consequence of an Mst-
independent mechanism. To date, there is no direct evidence
that Mst can influence muscle plasticity in adulthood. The
effect of Mston fiber type alterations had been investigated by
comparing adult muscles from the Mst knockout mice with
wild-type controls. Based on myofibrillar ATPase staining,
the soleus of Mst knockout mice displays a larger proportion
of fast type 1I fibers and a reduced proportion of slow type I
fibers, compared with wild-type animals. Using a staining for
succinate dehydrogenase (SDH) activity, a larger proportion
of glycolytic (fast) fibers and a reduced proportion of oxida-
tive (slow) fibers occur in the extensor digitorum longus
(EDL) of Mst knockouts. These differences in distribution of
fiber types are accompanied by differences in the expression
of MHC isoforms. In both Mst knockout soleus and EDL,
larger numbers of faster MHC isoforms are expressed at the
expense of slower isoforms, when compared with wild-type
littermates. Proteomic analysis supported these findings. The
differences in the proportion of fiber types in Compact mice
(natural Mst mutant strain) vs. WT are similar to differences
observed between double-muscled and normal cattle. Hyper-
muscularity seems to be associated with a shift in the meta-
bolic pathway of energy production toward glycolysis, and
lower capillary density which could have negative conse-
quences for physical fitness. Another study with similar
results compared MHC composition in normal- and double-
muscled animals during prenatal development. It was con-
cluded that Mst downregulates the fast type MHC isoform
expression and is associated with changes in both skeletal
muscle fiber type and fiber size during muscle development.
This muscle phenotype is likely a consequence of develop-
mental processes. It is not known for certain whether inhibi-
tion of Mst in adults drives the shift towards a glycolytic
(faster) phenotype or not.
Embryogenesis

Myostatin plays a critical role during embryogenesis. The
ontogeny of Mst coincides with the periods of the primary and
secondary muscle fiber formation. Since myofiber number is
mostly completed by the end of embryogenesis, the reduction
of Mst prior to this stage could be due to the reduction in
myogenic and mytogenic events. Skeletal myogenesis is a
precisely orchestrated process by which committed but pro-
liferating myoblasts irreversibly exit from the cell cycle, and
differentiate to multinucleated myotubes. Myofibers are per-
manently differentiated after birth and cannot undergo
mitotic division. Satellite cells (muscle stem cells) are the
probable source of new myonuclei, and their proliferation is
required to support muscle hypertrophy, while inhibition of
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satellite cell proliferation maintains muscle atrophy. Several
studies indicate that Mst acts to keep muscle progenitor cells
in a quiescent state, and when Mst levels are reduced, these
progenitor cells are released from growth arrest.

Adult Skeletal Muscle Atrophy

Regulation of muscle size and number is essential for
proper development and homeostasis of adult musculature. A
number of genetic factors, growth factors, hormones, nutri-
tional factors, and a network of signal transduction pathways
are important in the regulation of skeletal muscle mass. How-
ever, their precise role in the integrated, in vivo regulation of
skeletal muscle homeostasis and its pathology, muscle wast-
ing, remains poorly understood. It can cause generalized
weakness and debilitation and, when respiratory muscles are
involved, asphyxia and even death. Pathological atrophy or
muscle wasting is a characteristic of a number of diseases,
including cancer, cachexia, sepsis, HIV-infection, diabetes,
and end-stage kidney, heart and pulmonary disease. Both
serum and intramuscular concentrations of Mst are increased
in HIV-infected men with weight loss, and correlate inversely
with fat-free mass index. Chronic disuse, prolonged bed rest,
cachexia, spaceflight, glucocorticoid treatment are all
coupled with elevated levels of Mst, and as a consequence,
with muscle atrophy. These data support the hypothesis that
Mst diminishes adult skeletal muscle growth and contributes
to adult muscle wasting. The changes in Mst expression in
conditions associated with skeletal muscle loss in adult ani-
mals and humans, although suggesting an inverse correlation
between myostatin levels and muscle mass, have not estab-
lished a clear cause/effect relationship. Therefore, the precise
functional role of Mst protein in regulating muscle growth in
adult animals remains poorly understood.

Mst Knock-Out Mice

Homozygous Mst-null mice have 30 to 50% more muscle
mass than the wild type mice, and have larger cross-sectional
fiber area (hypertrophy) and higher fiber number (hyperpla-
sia). Similarly, the dominant negative transgenic mice which
express an Mst precursor mutated at its cleavage site under the
control of a muscle specific promoter, results in myofiber
hypertrophy, but not hyperplasia. However, these studies do
not clarify the role of Mst in the adult wild type animal.
Transgenic Animal Models

In the last decade transgenic animals have become a pow-
erful research tool for studying the molecular mechanisms
underlying cellular and physiological processes such as cell
growth, differentiation, and regulation of specific gene
expression. Transgenic mice (McPherron et al. Nature 387:
83-90 1997) previously disclosed have been used to exhibit
reduced or completely disrupted expression of Mst. However,
it is possible that Mst protein plays an important role in
regulating skeletal muscle mass and function in postnatal life,
by reducing the number and size of muscle fibers, and
decreasing muscle function even further than what could be
expected from the loss of muscle mass. This role has not been
elucidated by using regular transgenic mice because changes
in Mst expression and/or function in these animals may be
compensated by ancillary pathways that may obscure results
obtained in adult animals.

Constitutive loss of Mst function results in a dramatic
increase in skeletal muscle mass as a result of combined
muscle hyperplasia and hypertrophy. Both myostatin knock-
out mice along as well as mice (McPherron et al. Nature
387:83-90 1997, Szabo et al. Mammalian Genome 9:671-672
1998 and Varga et al. Genetics 147:755-764 1997) and cattle
(Grobet et al. Nature Genetics 17:71-74 1997; Grobet et al.
Mammalian Genome 9:210-213 1998; Kambadur et al.
Genome Research 7:910-915 1997 and McPherron et al.
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PNAS USA 94:12457-12461 1997) which are homozygous
for naturally occurring Mst loss-of-function mutations share
this phenotype commonly referred to as “double-muscling.”
Myostatin Overexpression in Adult

One report has tested Mst overexpression directly in adult
mice, by injecting a CHO cell line expressing recombinant
Mst into the thighs of athymic nude mice, which resulted in a
dramatic weight loss (33% oftotal body weight), partially due
to a global decline in skeletal muscle mass. Morphometric
analysis revealed that fiber diameter was reduced by 25% in
Mst overexpressing animals. The question remains as to
whether these wasting effects occurred as a result of Mst
secretion into the circulation, or as an unspecific response
either to cytokines produced by the Mst-transformed cell line,
or as a B-cell immunogenic reaction.

Conditional Mst Inactivation

In the mdx mouse model of muscle dystrophy, inactivation
of Mst with an antibody, and also crossing the mdx with the
Mst knockout animals resulted in an increase in skeletal
muscle mass and a reduction of muscle degeneration.

US20040158884 discloses a transgenic mouse model for
conditional inactivation, as opposed to conditional overex-
pression, of Mst in an adult mouse. This model utilized a
non-tissue specific cre-lox system to conditionally inactivate
Mst in the mouse, to effect muscular hypertrophy. Condi-
tional inactivation of Mst in mice has demonstrated that early
postnatal inactivation of the Mst gene causes generalized
muscular hypertrophy, of a magnitude similar to that
observed for constitutive Mst knock out (KO) mice, primarily
due to muscle fiber hypertrophy. But when adult mice (7-8
weeks old) were treated with an antibody against Mst, they
also showed increased muscle mass as a result of fiber hyper-
trophy, and increased grip strength. No sex differences were
detected in this study although others have suggested that Mst
has a more prominent effect on male than on female muscle.

Thus, these studies looking at Mst expression levels in
adult skeletal muscle suggest that regulation of muscle mass
is controlled by Mst at the level of fiber size and/or at the level
of cell growth, and that inactivating Mst in adult animals also
increases muscle mass. However, these studies do not provide
direct evidence that Mst is a negative regulator of adult
muscle, but, rather, merely provide an indication that inacti-
vating Mst causes muscle hypertrophy. It still remains to be
demonstrated whether or not the presence of Mst is respon-
sible for muscle atrophy or waste.

Such gaps have impaired the ability to develop appropriate
treatments to improve muscle size and strength, and muscle
atrophy-related conditions which continue to pose a substan-
tial burden to patients as well as to public health. Understand-
ing Mst and its effect in altered physiological conditions is
crucial to advance discovery towards much-needed treat-
ments of diseases associated with muscle wasting.

There is thus a need in the art for animal models for study-
ing Mst activation and the associated effects on skeletal
muscle.

SUMMARY OF THE INVENTION

Provided herein are novel nucleic acid sequences, vectors
comprising such nucleic acid sequences, host cells compris-
ing such vectors, and transgenic animals comprising such
nucleic acid sequences, and related molecules and methods
relating thereto.

In an embodiment, a conditional eukaryotic gene expres-
sion system may comprise two separate constructs:
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a regulatory construct which includes a promoter sequence
and a transactivation protein sequence with a poly A tail at the
3'end; and

a response construct which includes a promoter such as a
transactivator response element (TRE) and the gene of inter-
est with a polyA tail at the 3' end.

In exemplary embodiments of a conditional myostatin
overexpression system these two essential, basic structure
may have the following parts:

the regulatory construct has a tissue (muscle) specific pro-
moter MCK (muscle specific creatine kinase) and a doxycy-
clin inducible reverse transactivation protein sequence rtTA
(also called Tet-ON): 5'-MCK-rtTA-polyA-3'; and

the response construct has the TRE promoter and the
mouse myostatin sequence: 5'-TRE-Mst-polyA-3'.

When the two constructs apply separately, it is called
monocistronic version. When the two constructs put together
in one, it is called bicistronic version. In the bicistronic ver-
sion, the order and orientation of the elements (e.g., the order
and/or orientation of the two constructs) is not critical, and
may be altered or re-arranged in any suitable manner. For
example, any of the possible structure/order of the bicistronic
model listed below are suitable for the practice of the inven-
tion:

a. 5'-MCK-rtTA-poly A//TRE-Mst-poly A-3'

b. 5'-MCK-rtTA-poly A//polyA-Mst-TRE-5'

c. 3'-polyA-rtTA-MCK//TRE-Mst-poly A-3'

d. 5'-TRE-Mst-poly A/MCK-rtTApolyA-3'

e. 5'-TRE-Mst-polyA//polyA rtTA-MCK-5'

f. 3'-polyA-Mst-TRE/MCK-rtTA-polyA-3'

In some embodiments, it may be desirable to include or
append a label and/or a tags to either or to both sequences. For
example, in an embodiment of the conditional myostatin
overexpressing system, the structure example “f” from the
above list, may be labeled as follows:

3'-polyA-EGFP/IRES-Mst/HA-TRE//MCK-rtTA/BFP-

polyA-3'
(where EGFP stands for a nucleic acid sequence encoding
“enhanced green fluorescent protein”; IRES stands for a
nucleic acid sequence encoding an “internal ribosome entry
site” sequence; Mst stands for a nucleic acid sequence encod-
ing myostatin; HA stands for a nucleic acid sequence encod-
ing hemagglutinin; TRE stands for a nucleic acid sequence
encoding a tetracycline response element; MCK stands for a
nucleic acid sequence encoding muscle creatine kinase; rtTA
stands for a nucleic acid sequence encoding reverse tetracy-
cline transactivator; and BFP stands for a nucleic acid
sequence encoding blue fluorescence protein).

For example, in a construct such as the one disclosed
above, the BFP (blue fluorescence protein) and the IRES/
EGFP (green fluorescence protein) were used for easy detec-
tion of gene expression, and HA (hemagglutinin) sequence
was used to tag the Mst and to detect/quantify Mst expression
on western blot. It will be understood that labels and tags are
not an essential part of the system, but may be useful, and that
any suitable label, tag, or other identifiable element may be
used in the practice of the invention.

In further embodiments, transgenic animals are provided.
Transgenic animals of the instant application provide tissue
specific, conditional overexpression of Mst at any stage of
development, allowing normal embryonic development, if
desired, before triggering Mst overexpression, while allow-
ing external manipulation of Mst levels and of muscle mass in
the animals when desired. These transgenic animals having
increased Mst expression provide decreased muscle mass
compared to wild-type animals, and may be used to elucidate
the functional role of myostatin in the regulation of skeletal
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muscle mass and muscle performance in the adult animal.
Trangenic animals having features of the invention provide a
conditional increase-of-function animal model that keeps
Mst levels under physiological control via administration or
withdrawal of a pharmacological modulator that can modify
recombinant Mst expression in skeletal muscle. Specifically,
the invention provides muscle tissue specific expression of
Mst. Expression of Mst may be regulated, for example, by a
control sequence such as a promoter, which may be a condi-
tional promoter. A control sequence may be regulated by
administration or by withdrawal of a control factor that
affects the action of the control sequence. For example, Mst
expression in a transgenic animal having features of the
invention may be regulated by an rtTA-TRE2 regulatory and
response sequence controlled via administration and with-
drawal of doxycycline or tetracycline. Transgenic animals
having features of the invention may be induced, upon admin-
istration or withdrawal of a control factor or control factors, to
increase Mst expression. Such controlled increase in Mst
expression leads to decreased muscle mass. In embodiments,
transgenic animals having features of the invention may be
induced, upon administration or withdrawal of a control fac-
tor or control factors, to increase Mst expression in a particu-
lar target tissue or multiple particular target tissues.
Such controlled increase in Mst expression in the particular
tissue(s) leads to decreased muscle mass in the particular
tissue(s) as a result of the administration or withdrawal of a
control factor or control factors.

Transgenic animals having features of the invention and
having increased Mst expression, at least at some time during
their life, may be used to provide animals with decreased
muscle mass, or decreased muscle strength, and may provide
animals with decreased muscle mass or strength in one or
more target muscle(s). In alternative embodiments, trans-
genic animals having features of the invention and having
decreased Mst expression, at least at some time during their
life, may be used to provide animals with enhanced muscle
mass, or increased muscle strength, and may provide animals
with enhanced muscle mass or strength in one or more target
muscle(s). Transgenic animals having features of the inven-
tion may be used for investigating whether the transient
increase of Mst level reduces muscle mass and function, and
whether ageing affects this process, as well as restoring
physiological level of Mst corrects and/or normalizes the
changes, and whether or not there are sex differences in Mst
effects. Because the expression of Mst during embryogenesis
is not affected in the conditionally Mst overexpressing trans-
genic (CMOT) animal, such as a CMOT mouse, the animals
develop normally. Since the Mst gene may be allowed to
function normally during development, transgenic animals of
the instant application thus do not have some of the problems
associated with overexpression, or knocking out, of a regula-
tory protein during embryogenesis. Alternatively, administer-
ing or withdrawing a control factor during embryogenesis or
other developmental stage allows manipulation of Mst levels
during development if desired.

Embodiments, Aspects and Variations of the
Invention

The present application provides multiple embodiments,
aspects and variations, including, but not limited to, the fol-
lowing embodiments, aspects and variations:

The application provides a transgenic non-human animal
for conditionally overexpressing Mst. These animals com-
prise cells comprising a DNA transgene. The DNA transgene
may comprise SEQ ID NO. 1, or variants thereof having
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greater than 80%, 90%, 95%, 99% sequence identity to SEQ
ID No. 1, and may be operably linked to a tissue specific
promoter. In one embodiment, the DNA transgene further
comprises a regulatory sequence. The regulatory sequence
may comprise, for example, reverse tetracycline transcription
activator (rtTA). The transgene may further comprise a
response sequence. In embodiments, the tissue specific pro-
moter may comprise nucleic acid sequences encoding muscle
creatine kinase (MCK), including a MCK promoter sequence
(e.g., SEQ ID NO: 8) or Troponin I (e.g., TNNI1, found in
slow twitch skeletal muscle, or TNNI2, found in fast-twitch
skeletal muscle).

The application also provides a Mst expression response
construct comprising a transgenic nucleotide sequence com-
prising SEQ ID NO. 1, or Mst cDNA (e.g., SEQ ID NO: 5), or
variations thereof. For example, the transgene sequence SEQ
ID NO: 1 includes a nucleic acid sequence encoding Mst
(SEQ ID NO: 5).

The application also provides a bicistronic Mst expression
construct comprising a regulatory sequence and a Mst
response sequence. The application also provides a method of
producing a Mst expression vector comprising cloning the
Mst expression response construct for conditionally overex-
pressing Mst operably linked to a tissue specific promoter into
a vector.

The application also provides a method of producing a
bicistronic Mst expression vector comprising cloning a bicis-
tronic Mst expression construct comprising a regulatory
sequence and a Mst response construct into a vector.

The application also provides a method of producing a
transgenic non-human animal comprising introducing the
conditional monocistronic Mst expression response construct
of any of the above embodiments into a non-human animal.

The application also provides a method of producing a
double-transgenic non-human animal comprising 1) introduc-
ing a conditional monocistronic Mst expression response
construct of any of the previous embodiments into a non-
human animal and ii) introducing a regulatory sequence in a
second non-human animal and iii) crossing the first and sec-
ond non-human animals to produce an offspring having both
the regulatory and the response sequences.

The application also provides a method of producing a
transgenic non-human animal comprising introducing a
bicistronic Mst expression construct into a non-human ani-
mal.

In one embodiment, the vector comprises a fluorescent
marker coding sequence. In variations of the above embodi-
ment, the fluorescent marker coding sequence is selected
from the group consisting of GFP, EGFP, dsRed, dsRed2,
CFP, ECFP, YFP, EYFP, BFP, dsRed1, dsRed2, DsRed-Ex-
press, AsRed2, HcRedl, AmCyan, ZsYellow, ZsGreen,
AcGFP-1, luciferase, and aequorin, and other fluorescent
marker polypeptides. Fluorescent proteins are disclosed in,
for example, U.S. Pat. Nos. 5,981,200; 6,054,321; 6,077,707,
6,172,188; 6,194,548; 6,172,188; 6,803,188; 7,022,826;
7,091,31; 7,157,566; 7,314,915; 7,329,735; and 7,332,598.

The application also provides a method of transfecting
cells with the construct of any of the above embodiments by
electroporation or injection. The application also provides a
construct of any of the above embodiments further compris-
ing a fluorescent marker coding sequence. The fluorescent
marker coding sequence may be, for example, a coding
sequence coding for GFP, EGFP, dsRed, dsRed2, CFP, ECFP,
YFP, EYFP, BFP, dsRed1, dsRed2, DsRed-Express, AsRed2,
HcRedl, AmCyan, ZsYellow, ZsGreen, AcGFP-1, luciferase,
aequorin, or other fluorescent marker polypeptide.
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The application also provides a construct of any of the
above embodiments in a vector. In one embodiment, the vec-
tor is pEGFP-1; an EGFP sequence is found within the
CMOT transgene exemplified in SEQ ID NO: 1; for example,
an EGFP sequence is found in the IRES/EGFP sequence SEQ
IDNO: 4 and in the blue fluorescent protein sequence SEQ ID
NO: 10. The application also provides a construct of any of
the above embodiments wherein the transgenic nucleotide
sequence comprises SEQ ID NO. 1 or SEQ ID NO: 13 or Mst
c¢DNA (e.g., SEQ ID NO: 5) operably linked to a promoter.
The promoter may be, for example, a TRE2 promoter. In
another embodiment, the application provides a bicistronic
Mst expression construct such as, for example, SEQ ID NO:
13 wherein the transgenic nucleotide sequence may comprise
SEQ ID NO. 1 or SEQ ID NO: 13 or Mst cDNA operably
linked to a promoter, such as a TRE2 promoter.

In one embodiment, the application provides a transgenic
nucleotide sequence comprising SEQ ID NO. 1 or SEQ ID
NO: 13 or Mst cDNA (e.g., SEQ ID NO: 5) operably linked to
a TRE2 promoter, in cells engineered to express rtTA protein
in the presence of tetracycline or doxycycline. In another
embodiment, the application provides a method of decreasing
Mst expression in a cell comprising withdrawal or removal of
tetracycline or doxycycline from a cell comprising the Mst
expression response construct of any of the above embodi-
ments. In another embodiment, the application provides a
method of decreasing Mst expression in a cell comprising
withdrawal or removal of tetracycline or doxycycline from a
cell comprising the bicistronic Mst expression response con-
struct of any of the above embodiments.

In another embodiment the application provides a Mst
expression response construct wherein the nucleotide
sequence comprises SEQ ID NO. 1 or SEQ ID NO: 13 or Mst
c¢DNA (e.g., SEQ ID NO: 5) operably linked to TRE2. In one
embodiment, the application provides a bicistronic Mst
expression construct wherein the nucleotide sequence com-
prises SEQ ID NO. 1 or SEQ ID NO: 13 or Mst cDNA (e.g.,
SEQ ID NO: 5) operably linked to TRE2.

In another embodiment, the application provides a Mst
expression regulatory construct wherein the nucleotide
sequence comprises SEQ ID NO. 1 or SEQ ID NO: 13 or Mst
cDNA (e.g., SEQ ID NO: 5) operably linked to MCK or
Troponin I. For example, MCK is discussed in Shield et al.,
“E-box sites and a proximal regulatory region of the muscle
creatine kinase gene differentially regulate expression in
diverse skeletal muscles and cardiac muscle of transgenic
mice” Mol Cell Biol 16:5058-5068 (1996).

In another embodiment, the application provides a bicis-
tronic Mst expression construct wherein the nucleotide
sequence comprises SEQ ID NO. 1 or SEQ ID NO: 13 or Mst
c¢DNA (e.g., SEQ ID NO: 5) and is operably linked to MCK
or Troponin 1.

In another embodiment, the application provides a Mst
expression regulatory construct further comprising a tissue
specific promoter. In another embodiment, the application
provides a bicistronic Mst expression construct further com-
prising a tissue specific promoter. In another embodiment, the
application provides a Mst expression construct wherein the
tissue specific promoter is skeletal muscle specific. In another
embodiment, the application provides a bicistronic Mst
expression construct wherein the tissue specific promoter is
skeletal muscle specific.

In another embodiment, the application provides a Mst
expression regulatory construct wherein the promoter is an
MCK promoter. In another embodiment, the application pro-
vides a bicistronic Mst expression construct wherein the pro-
moter is an MCK promoter. In another embodiment, the
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application provides a Mst expression response construct fur-
ther comprising Mst regulating promoter TRE2. In another
embodiment, the application provides a bicistronic Mst
expression construct further comprising Mst regulating pro-
moter TRE2.

In another embodiment, the application provides a Mst
expression regulatory construct further comprising reverse
tetracycline transactivator (rtTA) e.g., SEQ ID NO: 9. In
another embodiment, the application provides a bicistronic
Mst expression construct further comprising reverse tetracy-
cline transactivator (rtTA) e.g., SEQ ID NO: 9.

In another embodiment, the application provides a method
of modulating the expression of Mst (e.g., SEQ ID NO. 5) in
a non-human animal comprising the construct of any of the
above embodiments by increasing or decreasing the concen-
tration of doxycycline in the non-human animal. In another
embodiment, the application provides a transgenic non-hu-
man animal comprising a transgenic nucleotide sequence that
comprises SEQ ID NO. 1 or SEQ ID NO: 13 or Mst cDNA
(e.g., SEQID NO: 5) that is operably linked to a muscle tissue
specific promoter. In one embodiment, the animal is a mouse.
In one embodiment, the transgenic nucleotide sequence com-
prising SEQ ID NO. 1 or SEQ ID NO: 13 or MstcDNA (e.g.,
SEQ ID NO: 5) integrated into the genome of the animal.

The application also provides the above embodiment
wherein the transgenic nucleotide sequence comprising SEQ
IDNO. 10or SEQID NO: 13 or Mst cDNA (e.g., SEQ ID NO:
5) is operably linked to MCK promoter. The application also
provides the above embodiment wherein the animal is a
mouse. The application also provides a transgenic non-hu-
man animal of any of the above embodiments wherein the
transgenic nucleotide sequence comprising SEQ ID NO. 1 or
SEQ ID NO: 13 or Mst cDNA (e.g., SEQ ID NO: 5) is
operably linked to a reverse transcription activator.

The application also provides a transgenic non-human ani-
mal of any of the above embodiments wherein the animal
exhibits a Mst associated phenotype in the presence of a
transcription activator.

The application also provides a transgenic non-human ani-
mal of any of the above embodiments wherein the phenotype
can be reversed or ameliorated upon decrease or removal of
said transcription activator. The application also provides a
transgenic non-human animal of any of the above embodi-
ments wherein the nucleotide sequence comprises SEQ 1D
NO, 1 or SEQ ID NO: 13 or Mst cDNA (e.g., SEQ ID NO: 5)
is regulated by a transactivator. The application also provides
a transgenic non-human animal of any of the above embodi-
ments wherein the nucleotide sequence comprises SEQ 1D
NO. 1 or SEQ ID NO: 13 or Mst cDNA (e.g., SEQ ID NO: 5)
is linked to a promoter. The application also provides a trans-
genic non-human animal of any of the above embodiments
wherein the promoter is a tissue specific promoter. The appli-
cation also provides a transgenic non-human animal of any of
the above embodiments wherein the tissue specific promoter
is skeletal muscle specific.

The application also provides a transgenic non-human ani-
mal of any of the above embodiments wherein the Mst phe-
notype is a skeletal muscle phenotype. The application also
provides a transgenic non-human animal of any of the above
embodiments wherein the skeletal muscle phenotype is apla-
sia. The application also provides a transgenic non-human
animal of any of the above embodiments wherein the pro-
moter is an MCK promoter.

The application also provides a transgenic non-human ani-
mal of any of the above embodiments wherein the transacti-
vator is reverse tetracycline transactivator (rtTA) (e.g., SEQ
ID NO: 9). The application also provides a transgenic non-
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human animal of any of the above embodiments wherein the
transcription activator is tetracycline or doxycycline.

The application also provides a transgenic non-human ani-
mal of any of the above embodiments wherein the animal is a
mouse. The application also provides a transgenic non-hu-
man animal of any of the above embodiments wherein the
transcription activator is doxycycline.

The application also provides a method for screening for
therapeutic agents that inhibit Mst activity comprising (a)
administering test agents to a transgenic animal of any of the
above embodiments, (b) evaluating the effects of the test
agent on the muscular phenotype of the transgenic animal.

The application also provides a transgenic non-human ani-
mal produced by: (a) crossing a first transgenic non-human
animal comprising a first construct that expresses rtTA oper-
ably linked to promoter MCK with a second non-human
animal comprising a second construct comprising Mst or Mst
c¢DNA operably linked to a promoter TRE2 and (b) selecting
from the first generation offspring a transgenic non-human
animal having a genome comprising both the first construct
and the second construct.

The application also provides any of the above embodi-
ments wherein the transgenic non-human animal is a mouse.

IN THE DRAWINGS

FIG. 1A. Structure of the fragments carrying the transgene
for generating transgenic animals expressing EGFP and over-
expressing myostatin, respectively, in the skeletal muscle. A:
MCK1.3/EGFP-1 construct, B: MCK1.3/mMst construct.
Asterisks show the position of 5' and 3' primers used. FIG. 1B.
top: myostatin overexpressing construct (prior art); bottom:
novel bicistronic conditional myostatin overexpressing con-
struct. A novel bicistronic conditional myostatin overexpress-
ing construct as disclosed herein may thus have a regulatory
sequence comprising, e.g., polyA, rtTA and MCK; and a
response sequence comprising TRE, Mst/IRES-EGFP,
polyA. In a novel bicistronic conditional myostatin overex-
pressing construct having features of the invention, nucleic
acids encoding a fluorescent protein, (e.g., blue fluorescent
protein (BFP), tag (e.g., hemagglutinin (HA) or other marker
may be inserted or included between the polyA and rtTA
regions and/or between the TRE and Mst/IRES-EGFP
regions. For example, a BFP-encoding sequence may be
inserted between the polyA and rtTA regions, and an HA-
encoding sequence may be inserted between the TRE and
MstIRES-EGFP regions.

FIG. 2. EGFP expression in C2C12 cells and skeletal
muscle, A: Myoblast, B: Myotube, C: Control tissue, D:
Transgenic animal muscle.

FIG. 3. Genotyping of transgenic and control mice. A:
PCR, B: Southern blot.

FIG. 4: Muscle weight of transgenic and control mice, A:
male, B: female.

FIG. 5. RT-PCR results of transgenic and control mice. A:
agarose gel, B: densitometry

FIG. 6. Western blot analysis of mice, A) male, B) female,
C) densitometry

FIG. 7. Histomorphometry results from transgenic and
control mice. A: cross-sectional area of fibers, B: myonuclei
numbers mice’ skeletal muscle.

FIG. 8. Comparison of grip strength between mouse strains
and gender

FIG. 9. Spontaneous daily activity measured by rodent
activity wheel.

FIG. 10. CT scan images of 6 months-old male mice. A:
Whole body 3D reconstructed image of a WT animal; B: a
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representative slice from raw data of Tg mouse; C: a repre-
sentative slice from raw data of KO mouse.

FIG. 11. Force-velocity relationship measured in Mst Tg,
KO and WT mice on gastrocnemius muscle.

FIG. 12. Fiber type distribution in skeletal muscles.

FIG. 13. Treadmill exercise tolerance.

FIG. 14. Changes in abdominal fat mass followed by 8
weeks treadmill exercise test on Mst Tg, KO and WT mice
compared with non-treadmill tested animals.

FIG. 15. Superarray pathway analysis data show changes
in gene expression influenced by Mst. A: Tg mice; B: KO
mice relative to WT controls.

FIG. 16. Structure of the Tet-ON gene expression system
carrying the sequences for conditional Mst overexpressing
transgenic animals. A: MCK1.3/TetON/Blue construct, B:
TRE2/HA-mMst/IRES-EGFP construct. Asterisks show the
position of 5' and 3' primers used.

FIG. 17. Western blot of Mst expression in CMOT mice
quadriceps muscle followed by Doxycylin induction (200
mg/kg Dox in chow) for 8 weeks.

FIG. 18. CMOT Transgene (SEQ ID NO: 1), including
NICK promoter, Tet-ON (rtTA), ECFP (Blue FP), SV40
polyA, Plasmid backbone sequences (including pUC, HSV
TK/polyA, Kan/Neo, SV40 ori, fl ori) SV40 polyA, IRES/
EGFP, Myostatin (Mst), HA-tag on Mst, and TRE. The two
“bold” sequences are the Afl Il restriction site that was used to
release the sequence from the plasmid.

FIG.19. CMOT=pFin plasmid sequence (SEQ ID NO: 13);
note that “Tet-on polyA.” in the figure refers to SEQ ID NO:
9 (tet-on) and SEQ ID NO: 11 (polyA).

FIG. 20. CMOT plasmid (10273 base pairs) (SEQ ID NO:
13) Graphic map and Table by enzyme name.

FIG. 21. Schematic of Plasmid

FIG. 22. CMOT transgene (6786 base pairs) (SEQ ID NO:
1) Graphic map and Table by enzyme name.

DETAILED DESCRIPTION

All publications, patents, and patent applications cited
herein, both supra and infra, are hereby incorporated by ref-
erence herein in their entireties.

The present application includes a listing of sequences
following the abstract of the invention.

As used in the present specification the following terms
have the meanings indicated:

The abbreviation “Tg” as used herein means transgenic.

The term “transgenic non-human animal” as used herein
means a non-human animal, for example a mouse, having a
cell or cells that contain a transgene, which transgene is either
introduced into the animal or an ancestor of the animal. Such
introduction of a transgene may be at a prenatal stage, for
example, an embryonic stage.

The term “mouse” is used herein to include an individual
mouse in all stages of development, including embryonic and
fetal stages.

A “transgenic mouse” is any mouse containing one or more
cells bearing genetic information altered or received, directly
or indirectly, by deliberate genetic manipulation at a subcel-
Iular level, such as by targeted recombination or microinjec-
tion or infection with recombinant virus. The term “trans-
genic mouse” is intended to encompass classical cross-
breeding or in vitro fertilization, as well as meant to
encompass mice in which one or more cells are altered by, or
receive, a recombinant DNA molecule. This recombinant
DNA molecule may be specifically targeted to a defined
genetic locus, may be randomly integrated within a chromo-
some, or it may be extrachromosomally replicating DNA.
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The alteration or genetic information may be foreign to the
animal (e.g. species of mouse) to which the recipient belongs,
or foreign only to the particular individual recipient, or may
be genetic information already possessed by the recipient. In
the last case, the altered or introduced gene may be expressed
differently that the native gene, or not expressed at all. Various
types of nucleotide sequences can be used to generate trans-
genic animals, for example, mutant sequences and heterolo-
gous sequences, “Knock out” animals can also be generated,
wherein entire genes or parts of genes are deleted or
“knocked-out” to discern function. Methods for generating
transgenic animals, particularly animals such as mice, have
become conventional in the art and are described, for
example, in U.S. Pat. No. 4,736,866.

The term “Mst” as used herein means myostatin protein. A
nucleic acid encoding Mst is disclosed as SEQ ID NO: 5.

The terms “control sequences” and “regulatory sequences”
refer to DNA sequences necessary for the expression of an
operably linked coding sequence in a particular host organ-
ism. The control sequences that are suitable for prokaryotes,
for example, include a promoter, optionally an operator
sequence, a ribosome binding site, and possibly, other as yet
poorly understood sequences. Eukaryotic cells are known to
utilize promoters, polyadenylation signals, and enhancer. A
control sequence may be or include, for example, a rtTA-
TRE2 regulatory and response sequence (which may interact,
for example with tetracycline or a tetracycline derivative such
as doxocycline).

The terms “control factor” and “regulatory factor” refer to
a factor that affects a control sequence (also termed a regula-
tory sequence). A control factor may be administered, or may
be withdrawn, in order to affect a control sequence. A control
factor may be, for example, tetracycline or a tetracycline
derivative such as doxocycline (e.g., for use with a rtTA-
TRE2 regulatory and response sequence).

Control sequences may be modified, for example by the
addition of further transcriptional regulatory elements to
make the level of transcription directed by the control
sequences more responsive to transcriptional modulators.
Control sequences operably linked to sequences encoding a
polypeptide described herein include promoters/enhancers
and other expression regulation signals. These control
sequences may be selected to be compatible with the host cell
for which the expression vector is designed to be used in. The
term promoter is well-known in the art and encompasses
nucleic acid regions ranging in size and complexity from
minimal promoters to promoters including upstream ele-
ments and enhancers.

Thus, the terms “control sequence” and “regulatory
sequence” as used herein means nucleotide sequences located
upstream (T), within, and/or downstream (Y) to a coding
sequence or “response sequence,” which control the tran-
scription and/or expression of the coding sequences or
“response sequences,” potentially in conjunction with the
protein biosynthetic apparatus of the cell. These nucleotide
sequences include a promoter sequence, a translation leader
sequence, a transcription termination sequence, and a poly-
adenylation sequence.

The term “promoter” as used herein means a nucleic acid
sequence which may be effective at increase transcription of
nearby nucleic acid coding sequences, which are functional in
mammalian cells, although prokaryotic promoters and pro-
moters functional in other eukaryotic cells, such as insect
cells, may be used. The promoter is typically derived from
promoter sequences of viral or eukaryotic genes. For
example, it may be a promoter derived from the genome of a
cell in which expression is to occur. With respect to eukary-
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otic promoters, they may be promoters that function in a
ubiquitous manner or, alternatively, a tissue-specific manner,
such as the “tissue specific promoter” NICK which is the gene
for muscle creatine kinase, as disclosed herein. Viral promot-
ers may also be used, for example the Moloney murine leu-
kaemia virus long terminal repeat (MMLV LTR) promoter,
the roes sarcoma virus (RSV) LTR promoter or the human
cytomegalovirus (CMV) IE promoter.

Promoters are untranslated sequences located upstream
from the start codon of a structural gene (generally within
about 100 to 1000 base pairs (bp)) that control the transcrip-
tion and translation of nucleic acid under their control. They
typically fall into two classes, inducible and constitutive.
Inducible promoters are promoters that initiate increased lev-
els of transcription from DNA under their control in response
to some change in culture conditions, e.g. the presence or
absence of a nutrient or a change in temperature. At this time
alarge number of promoters recognized by a variety of poten-
tial host cells are well known. These promoters are operably
linked to DNA encoding the desired polypeptide by removing
them from their gene of origin by restriction enzyme diges-
tion, followed by insertion 5' to the start codon for the
polypeptide to be expressed. This is not to say that the
genomic promoter for trk receptor is not usable. However,
heterologous promoters generally will result in greater tran-
scription and higher yields of expressed trk receptor as com-
pared to the native trk receptor promoter.

Promoter sequences are known for eukaryotes. Virtually all
eukaryotic genes have an AT-rich region located approxi-
mately 25 to 30 bases upstream from the site where transcrip-
tion is initiated. Another sequence found 70 to 80 bases
upstream from the start of transcription of many genes is a
CXCAAT (SEQ ID NO: 14) region where X may be any
nucleotide. At the 3' end of most eukaryotic genes is an
AATAAA (SEQ ID NO: 15) sequence that may be the signal
for addition of the poly A tail to the 3' end of the coding
sequence. All of these sequences are suitably inserted into
mammalian expression vectors.

Transcription from vectors in mammalian host cells may
be, for example, controlled by promoters obtained from the
genomes of viruses such as polyoma virus, fowlpox virus
(UK 2,211,504 published Jul. 5, 1989), adenovirus (such as
Adenovirus 2), bovine papilloma virus, avian sarcoma virus,
cytomegalovirus, a retrovirus, hepatitis-B virus and most
preferably Simian Virus 40 (SV40), from heterologous mam-
malian promoters, e.g. the actin promoter or an immunoglo-
bulin promoter, from heat shock promoters, and from the
promoter normally associated with the trk receptor sequence,
provided such promoters are compatible with the host cell
systems.

The early and late promoters of the SV40 virus are conve-
niently obtained as an SV40 restriction fragment which also
contains the SV40 viral origin of replication [Fiers et al.,
Nature 273:113 (1978), Mulligan and Berg, Science 209,
1422-1427 (1980); Pavlakis etal., Proc. Natl. Acad. Sci. USA
78, 7398-7402 (1981)]. The immediate early promoter of the
human cytomegalovirus is conveniently obtained as a HindIII
E restriction fragment [Greenaway et al., Gene 18, 355-360
(1982)]. A system for expressing DNA in mammalian hosts
using the bovine papilloma virus as a vector is disclosed in
U.S. Pat. No. 4,419,446. A modification of this system is
described in U.S. Pat. No. 4,601,978. See also, Gray et al.,
Nature 295, 503-508 (1982) on expressing cDNA encoding
human immune interferon in monkey cells; Reyes et al.,
Nature 297, 598-601 (1982) on expressing human .beta.-
interferon cDNA in mouse cells under the control of a thymi-
dine kinase promoter from herpes simplex virus; Canaani and
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Berg, Proc. Natl. Acad. Sci, USA 79, 5166-5170 (1982) on
expression of the human interferon 1 gene in cultured mouse
and rabbit cells; and Gorman et al., Proc. Natl. Acad. Sci.,
USA 79, 6777-6781 (1982) on expression of bacterial CAT
sequences in CV-1 monkey kidney cells, chicken embryo
fibroblasts, Chinese hamster ovary cells, HelLa cells, and
mouse HIN-3T3 cells using the Rous sarcoma virus long
terminal repeat as a promoter. The actual plasmid used in the
course of cloning the murine trk receptor contains the pro-
moter of the murine 3-hydroxy-3-methylglutaryl coenzyme
A reductase gene [Gautier et al., Nucleic Acids Res. 17, 8389
(1989)], whereas the reporter plasmid [pUMS (GT)g-Tac]
used during expression cloning contained an artificial multi-
merized trk recepto-inducible promoter element [McDonald
et al., Cell 60, 767-779 (1990)].

The term “operably linked” as used herein means that the
components described are in a relationship permitting them to
function in their intended manner. A regulatory sequence
“operably linked” to a coding sequence is ligated in such a
way that expression of the coding sequence is achieved under
conditions compatible with the control sequences.

Nucleic acid is “operably linked” when it is placed into a
functional relationship with another nucleic acid sequence.
For example, DNA for a presequence or a secretory leader is
operably linked to DNA for a polypeptide if it is expressed as
a preprotein that participates in the secretion of the polypep-
tide; a promoter or enhancer is operably linked to a coding
sequence if it affects the transcription of the sequence; or a
ribosome binding site is operably linked to a coding sequence
if it is positioned so as to facilitate translation. Generally,
“operably linked” means that the DNA sequences being
linked are contiguous and, in the case of a secretory leader,
contiguous and in reading phase. However, enhancers do not
have to be contiguous. Linking is accomplished by ligation at
convenient restriction sites. If such sites do not exist, then
synthetic oligonucleotide adaptors or linkers are used in
accord with conventional practice.

The term “vector” and “expression vector” refer to a piece
of DNA, usually double-stranded, which may have inserted
into it a piece of foreign DNA. Foreign DNA is defined as
heterologous DNA, which is DNA not naturally found in the
host cell. The vector is used to transport the foreign or heter-
ologous DNA into a suitable host cell. Once in the host cell,
the vector can replicate independently of the host chromo-
somal DNA, and several copies of the vector and its inserted
(foreign) DNA may be generated. In addition, the vector
contains the necessary elements that permit translating the
foreign DNA into a polypeptide. Many molecules of the
polypeptide encoded by the foreign DNA can thus be rapidly
synthesized. Expression vectors, unlike cloning vectors,
should contain a promoter which is recognized by the host
organism and is operably linked to the nucleic acid encoding
the desired polypeptide.

The term ““variants” as used herein indicates a molecule,
such as a polypeptide or polynucleotide, that has substantial
sequence identity to a different (parent) molecule, but differs
from the parent sequence by one or more different residues
(e.g., different amino acids for polypeptides, or different
nucleotides, for nucleic acids). Variants may be, for example,
substitution, insertion, or deletion variants, in which one or
more residue(s) is/are replaced by (an)other residue(s)
(substitution variants), or in which one or more additional
residue(s) is/are included in the sequence (an insertion vari-
ant), or in which one or more residue(s) is/are lacking (a
deletion variant).

A substitution variant in a polypeptide may be a conserva-
tive substitution variant, in which an amino acid is replaced
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by a different amino acid with similar properties. Standard
amino acid naming terminology is used herein. For example,
conservative substitutions for the amino acid Ala (A) include:
val, leu, ile, val. Conservative substitutions for the amino acid
Arg (R) include: lys, gln, asn, lys. Conservative substitutions
for the amino acid Asn (N) include: gln, his, asp, lys, arg, gln.
Conservative substitutions for the amino acid Asp (D)
include: glu, asn, glu. Conservative substitutions for the
amino acid Cys (C) include ser, ala, ser. Conservative substi-
tutions for the amino acid Gln (Q) include: asn, glu, asn.
Conservative substitutions for the amino acid Glu (E)
include: asp, gln, asp. Conservative substitutions for the
amino acid Gly (G) include: ala. Conservative substitutions
for the amino acid His (H) include: asn, gln, lys, arg. Conser-
vative substitutions for the amino acid Ile (I) include: leu, val,
met, ala, len phe, norleucine. Conservative substitutions for
the amino acid Leu (L) include: norleucine, ile, val, ile, met,
ala, phe. Conservative substitutions for the amino acid Lys
(K) include: arg, gln, asn, arg. Conservative substitutions for
the amino acid Met (M) include: leu, phe, ile, leu. Conserva-
tive substitutions for the amino acid Phe (F) include: leu, val,
ile, ala, tyr. Conservative substitutions for the amino acid Pro
(P) include: ala. Conservative substitutions for the amino acid
Ser (S) include thr. Conservative substitutions for the amino
acid Thr (T) include: ser. Conservative substitutions for the
amino acid Trp (W) include: tyr, phe. Conservative substitu-
tions for the amino acid Tyr (Y) include: trp, phe, thr, ser, phe.
Conservative substitutions for the amino acid Val (V) include:
ile, leu, met, phe, leu, ala, norleucine.

Variants that maintain (a) the structure of the polypeptide
backbone in the area of the substitution, for example, as a
sheet or helical conformation, (b) the charge or hydrophobic-
ity of the molecule at the target site, or (c¢) the bulk of the side
chain are expected to substantially maintain the properties of
the parent polypeptide. Naturally occurring residues are
divided into groups based on common side-chain properties:
(1) hydrophobic: norleucine, met, ala, val, leu, ile;

(2) neutral hydrophilic: cys, ser, thr;

(3) acidic: asp, glu;

(4) basic: asn, gln, his, lys, arg;

(5) residues that influence chain orientation: gly, pro; and
(6) aromatic: trp, tyr, phe.

Conservative substitutions will typically entail exchanging a
member of one of these classes for another of the same class.
Any cysteine residue not involved in maintaining the proper
conformation of the parent polypeptide also may be substi-
tuted, generally with serine, to improve the oxidative stability
of the molecule and prevent aberrant crosslinking. Con-
versely, cysteine bond(s) may be added to the polypeptide to
improve its stability.

As used herein, “tetO” means a tetracycline operator com-
prising sequence which can be present in a promoter. Thus, a
“tetO promoter” means a promoter having one or more such
sequences.

As used herein, “tTA” means a fusion protein comprising
the repressor of the Tnl0 tetracycline-resistance operon of
Escheria coli and a C-terminal portion of protein 16 of herpes
simplex virus that functions as a strong transcriptional acti-
vator. This fusion protein is a tetracycline-controlled transac-
tivator. For example, tTA will bind to the tetO region of a
promoter and function as a strong activator of transcription in
the absence of doxycycline. Doxycycline may therefore be
used to suppress transcription from a promoter having tetO
sequences.

As used herein, “rtTA” means a protein that is a variant of
the tTA protein, and plays arole opposite that of tTA, i.e., rt TA
protein requires doxycycline in order to activate transcription
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from a tetO promoter such as TRE2. Doxycycline can thus be
used as an activator of transcription in conjunction with rtTA
and a transgene operatively linked to a tetO-containing pro-
moter such as TRE2, to effect controlled transactivation. SEQ
ID NO: 9 provides an example of a rtTA.

The term “TRE2” as used herein means tetracycline
response element.

As used herein “tetracycline controlled transactivation”
refers to the tetracycline (Tc)-controlled gene expression sys-
tem which permits the at will control of individual gene
activities quantitatively and reversibly. In the reverse Tc-
controlled transactivator (rtTA) system, Tc or doxycycline
(Dox) acts as an inducer of transcription that works well in
vitro, with reported induction levels of gene expression (like
luciferase reporter gene, erythropoietin, ecdysone receptor,
retinoid X receptor, etc.) ranging from 3 to 4 orders of mag-
nitude above basal level.

It is well known that in transgenic and knock-out (KO)
animals the irreversibility of genetic transfer may lead to
compensatory upregulation, developmental defects, embry-
onic mortality, and others. Such limitations could be over-
come by utilizing a “genetic switch” system, such as the
rtTA-TRE2 system, that can be operated at will and permit the
control of individual gene activities quantitatively and revers-
ibly, in a temporal and spatial manner.

Several reports have successfully demonstrated how a
drug-regulated gene expression system can be used to study
gene function, and can be operated in a quantitative way in
cell culture and transgenic mice. In many of these studies, the
expression system is driven by the cytomegalovirus (CVM)
promoter, which frequently causes leakiness in gene expres-
sion due to lack of tissue specificity, which can be overcome
by using a strong muscle-specific promoter such as MCK.

The term “MCK” as used herein means muscle creatine
kinase. Tissue-specific gene expression requires a well-char-
acterized, strong, tissue specific promoter. Many muscle-spe-
cific regulatory sequences have been mapped, such as a-skel-
etal actin, a.-cardiac actin, troponin I, myosin light chain 2,
myosin heavy chain (MHC) and muscle creatine kinase
(MCK). Both MCK and troponin I have high expression
levels in muscle, and their promoter/enhancer regions are
small enough to make them suitable for gene transfer. Within
the mouse MCK gene, several regions are required for
muscle-specific expression in myocytes and cardiomyocytes.
Of particular interest is a 206 bp enhancer located approxi-
mately 1 kb upstream of the transcription start site which
contains two E-box sequences. The 1 kb region immediately
3' of the 206 bp enhancer (called proximal regulatory region)
has an E-box sequence as well, and plays an important role in
tissue-specific gene expression. Simultaneous mutation of
the three E-boxes in the 1,256 bp region of MCK promoter
resulted in a substantial loss of reporter gene activity in car-
diac and tongue muscle. SEQ ID NO: 8 provides an example
of MCK promoter. To date, this mutated version of the MCK
promoter is the only one which is truly skeletal muscle-
specific, the E-box mutations had not dramatically affected
transgene expression in fast muscles in CAT-transgenic mice.

The term “cDNA” as used herein means complementary
deoxyribonucleic acid.

The term “construct” as used herein means a recombinant
nucleic acid, generally recombinant DNA, that has been gen-
erated for the purpose of the expression of a specific nucle-
otide sequence(s), or is to be used in the construction of other
recombinant nucleotide sequences.

The term “monocistronic myostatin expression” as used
herein refers to a myostatin expression system wherein the
regulatory sequence is not ligated into the same construct as
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the myostatin coding response element. Conditional eukary-
ote gene expression system requires a regulatory construct
sequence and a response construct sequence. If the two
sequences are used separately to generate transgenic animals,
then they are termed the monocistronic gene expression sys-
tem that further requires breeding the two transgenic animals.
If their offsprings are genotyped as double transgenic, these
animals can be used to test the conditional gene expression
system in vivo.

The term “bicistronic myostatin expression construct” as
used herein refers to a myostatin expression system wherein
the regulatory sequence has been ligated into the same con-
struct as the myostatin coding response element. Thus, in
vivo, the method for bicistronic gene expression system
requires that the regulatory and response sequences to be
located onthe same DNA fragment that is used to generate the
transgenic animal. Once the animal is genotyped positively
for the transgene, it can be used for testing the conditional
gene expression without any further breeding with another
transgenic animal.

The term “expression vector” as used herein means a plas-
mid comprising a transcriptional unit. The unit comprises (a)
a genetic element or elements having aregulatory role in gene
expression, for example, promoters or enhancers, (b) a struc-
tural or coding sequence which is transcribed into mRNA and
translated into protein, and (c¢) appropriate transcription and
translation initiation and termination sequences. Structural
elements used in yeast expression systems preferably include
a leader sequence enabling extracellular secretion of trans-
lated protein by a host cell.

The term “double-transgenic™ as used herein is used to
describe a non-human animal, for example a mouse, having a
cell or cells that contain two transgenes, which transgenes are
either introduced into the animal or an ancestor of the animal
at a prenatal stage, for example, an embryonic stage.

The term “fluorescent marker coding sequence” as used
herein means the nucleic acid sequence that codes for fluo-
rescent and/or luminescent markers such as GET, EGFP,
dsRed, dsRed2, CFP, ECFP, YFP, EYFP, BFP, dsRed 1,
dsRed2, DsRed-Express, AsRed2, HcRed1, AmCyan, ZsYel-
low, ZsGreen, AcGFP-1. luciferase, aequorin, and other fluo-
rescent and/or luminescent polypeptides. Fluorescent pro-
teins are disclosed in, for example, U.S. Pat. Nos. 5,981,200;
6,054,321, 6,077,707, 6,172,188; 6,194,548; 6,172,188,
6,803,188; 7,022,826; 7,091,317, 7,157,566; 7,314,915,
7,329,735; and 7,332,598.

The term “transfecting” as used herein means causing the
nucleic acid to be taken up by the cell.

The term “electroporation” as used herein means the tem-
porary creation of holes or aqueous pores in the surface of a
cell membrane by an applied electrical potential and through
which therapeutic agents may pass into the cell. Electropora-
tion is now widely used in biology, particularly for transfec-
tion studies, where plasmids, DNA fragments and other
genetic material are introduced into living cells. During elec-
troporation pulsing, molecules which are not normally mem-
brane permeant are able to pass from the extracellular envi-
ronment into the cells during the period of induced reversible
membrane permeabilization. The permeabilized state is
caused by the generation of an electrical field in the cell
suspension or tissue of sufficient field strength to perturb the
cell surface membrane’s proteolipid structure. This perturba-
tion (sometimes referred to as dielectric breakdown) is
believed to be due to both a constituent charge separation and
the effect of viscoelastic compression forces within the mem-
brane and its sub-adjacent cytoskeletal structures. The result
is a localized membrane thinning. At a critical external field
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strength, pores or small domains of increased permeability
are formed in the membrane proteolipid bi-layer.

The term “Mst associated phenotype” as used herein
means any of one or more characteristics of an organism,
tissue, or cell associated with the expression of Mst.

The term “transcription activator” as used herein means
any substance capable of inducing the transcription of a gene.

The term “transactivator” as used herein means a protein
that binds to regulatory regions of DNA and enhances the
expression of its associated gene.

The term “aplasia” as used herein means a decrease in
muscle fiber number compared to a normal fiber number or a
previously determined fiber number.

The term “atrophy” as used herein means is the partial or
complete wasting away of a part of the body.

The term “test agent” as used herein means any compound
or agent that is being examined for the ability to modulate
myostatin expression. A test agent can be any type of mol-
ecule, including, for example a peptide, a polynucleotide
(including antisense or RNAIi), an antibody, a glycoprotein, a
carbohydrate, a small organic molecule, or a peptidomimetic.

Exemplary Embodiments

The invention comprises, in part, constructs, transgenic
animals, and methods, some of which are listed in the follow-
ing exemplary list of embodiments. It is noted that this exem-
plary list of embodiments is not restrictive, but provides
examples of the embodiments of the invention disclosed
herein.

1. A conditional bicistronic myostatin expression construct
comprising polyA-EGFP/IRES-Mst/HA-TRE/MCK-rtTA/
BFP-polyA, where MCK is a promoter selected from MCK
and MCK-3E.

2. A conditional bicistronic myostatin expression construct
comprising  polyA-BFP/rtTA-MCK//TRE-HA/Mst-IRES/
EGFP-polyA.

3. A conditional bicistronic myostatin expression construct
comprising TRE-HA/Mst-IRES/EGFB-poly A/MCK-rtTA/
BFP-polyA.

4. A conditional bicistronic myostatin expression construct
comprising MCK-rtTA/BFP-polyA/TRE-HA/Mst-IRES/
EGFP-polyA.

5. A conditional monocistronic construct of any of embodi-
ments 1-4 comprising two sequences: a: the regulatory con-
struct MCK-rtTA/BFP-poly A, and b: the response construct
TRE-HA/Mst-IRES/EGFP-polyA.

6. A conditional bicistronic myostatin expression construct
comprising a construct of any of claims 1-4 lacking a HA tag
at the 5' end of Mst sequence.

7. A conditional monocistronic construct of embodiment 6
where the response construct lacks a HA tag on Mst sequence.
8 A conditional bicistronic myostatin expression construct
comprising a construct of any of claims 1-4 lacking an IRES/
EGFP sequence downstream of Mst sequence.

9. A conditional monocistronic construct of embodiment 8
where the response construct has no IRES/EGFP sequence.
10. A conditional bicistronic myostatin expression construct
comprising a construct of any of embodiments 1-4 lacking
BFP fusion to the rtTA sequence.

11. A conditional monocistronic construct of embodiment 10
wherein the regulatory construct lacks a BFP fusion at the 3'
end of the rtTA sequence.

12. A construct of any of embodiments 1-11 wherein said
construct comprises a plasmid.
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13. A method of producing a transgenic non-human animal
comprising introducing the construct of any of embodiments
1-11 into a non-human animal.

14. A transgenic non-human animal for conditionally over-
expressing Mst comprising cells comprising a construct of
any of embodiments 1-11.

15. A transgenic non-human animal produced by: (a) crossing
a first transgenic non-human animal comprising a first (regu-
latory) construct that expresses rtTA operably linked to pro-
moter MCK or MCK-3E with a second non-human animal
comprising a second (response) construct comprising Mst or
Mst cDNA operably linked to a promoter TRE and (b) select-
ing from the first generation offspring a transgenic non-hu-
man animal having a genome comprising both the first regu-
latory construct and the second response construct.

16. A method for screening for therapeutic agents that inhibit
Mst activity comprising (a) administering test agents to the
transgenic animal of embodiments 14 or 15, (b) evaluating the
effects of the test agent on the Mst associated phenotype of
the animal.

17. A conditional bicistronic myostatin expression construct
comprising a regulatory sequence and a myostatin (Mst)
response sequence, wherein said bicistronic myostatin
expression construct comprises a DNA transgene, said DNA
transgene comprising SEQ ID NO. 13, or variants thereof
with greater than 80%, 90%, 95%, 99% sequence identity
operably linked to the TRE promoter, as a response sequence,
and a regulatory sequence comprising a tissue specific pro-
moter.

18. The conditional bicistronic myostatin expression con-
struct of embodiment 1-4, 6, 8 and 10 wherein the regulatory
sequence comprises reverse tetracycline transcription activa-
tor (rtTA).

19. The conditional bicistronic myostatin expression con-
struct of embodiment 1-4, 6, 8 and 10 wherein the response
sequence comprises TRE promoter.

20. The conditional bicistronic myostatin expression con-
struct of embodiment 1-4, 6, 8 and 10 wherein the tissue
specific promoter is selected from MCK, MCK-3E and
Troponin 1.

21. A transgenic non-human animal for conditionally over-
expressing Mst comprising cells comprising a bicistronic
myostatin expression construct comprising a regulatory
sequence and a myostatin response sequence, wherein said
bicistronic myostatin expression construct comprises a DNA
transgene, said DNA transgene comprising SEQ ID NO. 13;
or variants thereof with greater than 80%, 90%, 95%, 99%
sequence identity operably linked to the TRE promoter, as a
response sequence, and a regulatory sequence comprising a
tissue specific promoter.

22. The transgenic non-human animal of embodiment 21
wherein the regulatory sequence comprises reverse tetracy-
cline transcription activator (rtTA).

23. The transgenic non-human animal of embodiment 21
wherein the response sequence comprises TRE.

24. The transgenic non-human animal of embodiment 21
wherein the tissue specific promoter is MCK, MCK-3E or
Troponin 1.

25. A conditional bicistronic myostatin expression vector
comprising the myostatin expression response construct of
embodiment 17 cloned into a vector.

26. A method of producing a conditional bicistronic myosta-
tin expression vector comprising cloning the myostatin
expression construct of any of embodiments 1-4, 6, 8 and 10
into a vector.
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27. A method of producing a transgenic non-human animal
comprising introducing the conditional bicistronic myostatin
expression construct of embodiment 17 into a non-human
animal.

28. A conditional monocistronic myostatin expression con-
struct comprising poly A-EGFP/IRES-Mst/HA-TRE/MCK-
rtTA/BFP-polyA, where MCK is a promoter selected from
MCK and MCK-3E.

29. A conditional monocistronic myostatin expression con-
struct comprising polyA BFP/rtTA-MCK//TRE-HA/Mst-
IRES/EGFP-polyA.

30. A conditional monocistronic myostatin expression con-
struct comprising TRE-HA/Mst-IRES/EGFP-polyA/MCK-
rtTA/BFP-polyA.

31. A conditional monocistronic myostatin expression con-
struct comprising MCK-rtTA/BFP-polyA//TRE-HA/Mst-
IRES/EGFP-polyA.

32. A conditional monocistronic construct of any of embodi-
ments 28-31 comprising sequences: a: the regulatory con-
struct MCK-rtTA/BFP-poly A, and b: the response construct
TRE-HA/Mst-IRES/EGFP-polyA.

33. A conditional monocistronic myostatin expression con-
struct comprising any of embodiments 28-31 lacking a HA
tag at the 5' end of Mst sequence.

34. A construct of embodiment 33 wherein the response con-
struct lacks an HA tag on Mst sequence.

35. A conditional monocistronic myostatin expression con-
struct comprising a construct of any of embodiments 28-31
lacking IRES/EGFP sequence downstream of Mst sequence.
36. A conditional monocistronic construct of embodiment 35
wherein the response construct lacks a IRES/EGFP sequence.
37. A conditional monocistronic myostatin expression con-
struct comprising a construct of any of embodiments 28-31
lacking a BFP fusion to the rtTA sequence.

38. A conditional monocistronic construct of embodiment 37
wherein the regulatory construct lacks a BFP fusion at the 3'
end of the rtTA sequence.

39. A construct of any of embodiments 28-38 wherein said
construct comprises a plasmid.

40. A method of producing a double-transgenic non-human
animal comprising introducing the monocistronic myostatin
expression constructs of embodiment 28-39 into a non-hu-
man animal.

41. A myostatin expression vector of any of the preceding
embodiments, further comprising a fluorescent marker cod-
ing sequence selected from the group consisting of CFP,
EGFP, dsRed, dsRed2, CFP, ECFP, YFP, EYFP, BFP, dsRed1,
dsRed2, DsRed-Express, AsRed2, HcRed1, AmCyan, ZsYel-
low, ZsGreen, AcGFP-1. luciferase, and aequorin.

42. The method of embodiment 13 or 26 wherein the vector
comprises the conditional bicistronic myostatin expression
vector of any of the preceding embodiments.

43. The conditional bicistronic myostatin expression vector
of any of the preceding embodiments wherein the vector is
pEGFP-1.

44. The conditional bicistronic myostatin expression
response construct of embodiment 1 wherein the transgenic
nucleotide sequence comprises SEQ ID NO. 5 or Mst cDNA
operably linked to a TRE2 promoter in cells engineered to
express rtTA protein in the presence of tetracycline or doxy-
cycline.

45. A method of decreasing Mst expression in a cell compris-
ing withdrawal or removal of tetracycline or doxycycline
from a cell comprising a myostatin expression response con-
struct of a preceding embodiment.
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46. The conditional bicistronic myostatin expression
response construct of embodiment 1 wherein the tissue spe-
cific promoter is skeletal muscle specific.

47. The conditional bicistronic myostatin expression
response construct of a preceding embodiment wherein the
promoter is an MCK-3E promoter.

48. A method of modulating the expression of Mst (SEQ ID
NO. 5) in a non-human animal comprising inserting the con-
struct of a preceding embodiment into cells of said animal and
further by increasing or decreasing the concentration of doxy-
cycline in the non-human animal.

49. A transgenic non-human animal comprising a transgenic
nucleotide sequence of embodiment 1, wherein said tissue
specific promoter comprises a muscle tissue specific pro-
moter.

50. The transgenic non-human animal of embodiment 49
wherein the transgenic nucleotide sequence comprising SEQ
ID NO. 5 or Mst cDNA is integrated into the genome of the
animal.

51. The transgenic non-human animal of embodiment 50
wherein the transgenic nucleotide sequence comprising SEQ
IDNO, 5 or MstcDNA is operably linked MCK-3E promoter.
52. The transgenic non-human animal of embodiment 51
wherein the transgenic nucleotide sequence comprising SEQ
ID NO. 5 or Mst cDNA operably linked to a reverse transcrip-
tion activator.

53. The transgenic non-human animal of embodiment 52
wherein the animal exhibits an Mst associated phenotype in
the presence of a transcription activator.

54. The transgenic non-human animal of embodiment 53
wherein the phenotype can be reversed or ameliorated upon
decrease or removal of said transcription activator

55. The transgenic non-human animal of embodiment 53
wherein the nucleotide sequence comprises SEQ ID NO. 5 or
Mst cDNA is regulated by a transactivator.

56. The transgenic non human animal of embodiment 55
wherein the nucleotide sequence comprises SEQ ID NO. X or
Mst cDNA is linked to a promoter.

57. The transgenic non-human animal of embodiment 53
wherein the Mst associated phenotype is a muscular pheno-
type selected from aplasia and atrophy.

58. The transgenic non-human animal of embodiment 55
wherein the transactivator is reverse tetracycline transactiva-
tor (rtTA).

59 A method for screening for therapeutic agents that inhibit
Mst activity comprising (a) administering test agents to the
transgenic animal of any of the above embodiments, (b)
evaluating the effects of the test agent on the Mst associated
phenotype of the animal.

60. A transgenic non-human animal produced by: (a) crossing
a first transgenic non-human animal comprising a first con-
struct that expresses rtTA operably linked to promoter MCK-
3E with a second non-human animal comprising a second
construct comprising Mst or Mst cDNA operably linked to a
promoter TRE2 and (b) selecting from the first generation
offspring a transgenic non-human animal having a genome
comprising both the first construct and the second construct.
61. A method of producing a double-transgenic non-human
animal comprising introducing the conditional monocis-
tronic Mst expression response construct of any of embodi-
ments 28-31 into a non-human animal.

62. The transgenic non-human animal of embodiment 49 or
60 wherein the animal is a mouse.

63. A method for screening for therapeutic agents that inhibit
Mst activity comprising (a) administering test agents to a
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transgenic mouse of any of the above embodiments, (b) evalu-
ating the effects of the test agent on the Mst associated phe-
notype of the mouse.

The following examples provide further disclosure and
illustration of the embodiments of the invention disclosed
herein.

EXAMPLES
Example 1

The following experiments were done to investigate the
role of Mst in processes that result in muscle atrophy and
hypertrophy. The data support the following conclusions: 1.)
an Mst overexpressing construct allows the quantification of
Mst expression levels in myoblasts and myotubes in vitro,
using a muscle-specific MCK promoter; 2.) the Mst overex-
pressing transgenic mouse is a good model for muscle atro-
phy, and has been characterized using: (a) PCR and Southern
blot techniques to genotype the mouse; (b) RT-PCR and west-
ern blotting to quantify Mst expression levels in skeletal
muscle; (¢) CT scanning to quantify the muscle mass; (d)
force-velocity, grip strength and activity wheel measure-
ments to quantify muscle power; () SDS-PAGE to quantify
the relative MHC composition of muscle; (f) immunohis-
tochemistry to identify changes in muscle fiber distribution
and structure; and (g) forced exercise test to evaluate muscle
function.

Mst Overexpression Construct Expresses High Levels of Mst

In Vitro

Preparation of EGFP and Myostatin Expression Constructs:
pMCK1.3/EGFP-1 Plasmid:

Generation of this construct has been described (Reisz-
Porszasz, S. et al. Am. J. Physiol. Endocrinol. Metab. 285(4):
E876-888, 2003) and may be accomplished as follows: A
muscle specific creatine kinase (MCK) enhancer/promoter
containing the region from -1354 to +1 bp from the transcrip-
tion initiation site, cloned into the pEGFP-1 vector (Clontech)
was used (FIG. 1A/A). The MCK fragment (1.3 kb) was
released from pMCKG plasmid by restriction digest with
Spel/EcoRI. The vector was digested with HindIII. The two
DNA fragments were blunt end ligated. A 2.2 kb construct
containing the MCK, the EGFP and the SV40 polyA
sequence was released by Xhol/Afl II digestion for animal
pronuclei injection (FIG. 1A). Larochelle et al., “Efficient
muscle-specific transgene expression after adenovirus-medi-
ated gene transfer in mice using a 1.35 kb muscle creatine
kinase promoter/enhancer” Gene Ther 4:465-472 (1997).

pMCK-3E/EGFP-1 Plasmid:

Another construct for generating the MCK promoter with
the three point mutations was also used. The MCK promoter
(from -1256 to -1 nucleotide) harbors three point mutations
in its three conserved E-box site. The locations of the point
mutations are: nt—-1178, =1153 and -249 (Donoviel et al.,
“Analysis of muscle creatine kinase gene regulatory elements
in skeletal and cardiac muscles of transgenic mice” Mol Cell
Biol. 16:1649-1658 (1996)). These mutations prevent gene
expression in the heart muscle and have been shown to restrict
the expression of the protein to the skeletal muscle. A 2.2 kb
fragment containing the mutated version of the MCK pro-
moter and EGFP sequences was released with BglIl/Afill
restriction digest and used for pronuclei injection.

pMCK-3E/mMst Plasmid:

The mMst sequence was PCR amplified in order to intro-
duce 5' Agel site and 3' Notl site. Primers for mMst cloning:
forward 5'-atg atg caa aaa ctg caa atg tat-3' (SEQ ID NO: 16);
reverse 5'-tca tga gea ccc aca-3' (SEQ ID NO: 17). The PCR
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product and the pMCK-3E/EGFP-1 plasmid were restriction
digested with Agel/Notl enzymes, and ligated. A 2.6 kb frag-
ment was released with Bgl II/Afl 1T digestion and used for
pronuclei injection.

pMCK1.3/mMst Plasmid:

Mst cDNA from the mouse skeletal muscle was cloned and
sequenced. This 1.1 kb sequence was subcloned into the
pEGFP-1 vector by substituting the EGFP (725 bp) sequence
to mMst sequence (FIG. 1A/B). The MCK promoter was
cloned into this construct in a similar way as described above.
The MCK promoter-Mst cDNA-polyA construct (2.6 kb) was
released with Kpnl/Afl II digestion and used for mouse pro-
nuclei injection.

In Vitro Expression of Construct:

The C3H murine myoblast cell line C2C12 was propagated
in DME medium with 10% fetal bovine serum. For differen-
tiation into myotubes, myoblasts were allowed to grow to
approx. 90-100% confluence. After 2 days the medium was
changed to DMEM with 5% horse serum. Myotubes began to
form after 3 or 4 days. Cells were transiently transfected with
2 ug of the using Lipofectamine according to the manufac-
turer’s protocol. Green fluorescence protein synthesis was
monitored every day under fluorescence microscopy (FIGS.
2A and 2B).

Transfection experiment was repeated by using the bicis-
tronic conditional Mst overexpressing transgene (FIG. 1B
bottom) and Mst/EGFP expression was able to be switched on
and off by adding (2.5 ng/ml doxycyclin as the optimized
concentration) or withdrawing doxycycline from the media.
When the gene was turned on, EGFP expression was
observed in 5 days, while turning oft the gene resulted in zero
EGFP expression during one week. This experiment was
repeated several times, showing that the gene induction sys-
tem is unlikely to be leaking. Stable transfectants are main-
tained in G418 selection media. After 48 hours of infection
we got high expression level of GFP in both myoblasts and
myotubes. The mutated MCK promoter (MCK-3E) provided
higher expression level in vitro, than the wild type (pMCK-
3E/EGFP-1: 57%; versus pMCK1.3/EGFP-1: 25%).

Mst Overexpressing Transgenic Mice as a Model for Muscle
Atrophy

Generation and identification of transgenic animals: Puri-
fied MCK1.3/EGFP and MCK1.3/mMst transgene sequences
were sent to UC Irvine Transgenic Facility, and 300-300
pronuclei were injected with each DNA construct and trans-
planted into CB6F 1 mice. Transgenic animals were identified
by PCR reaction of ear (or tail) DNA. The size of the PCR
product was 290 bp using the 5' primer located at —209 bp
upstream, and the 3' primer located at +60 bp downstream of
the transcriptional start site as shown in FIG. 1A (asterisks
show primer locations). Primers for the ear DNA genotyping:
forward 5'-aac cag tga gca agt cag cc-3' (SEQ ID NO: 18);
reverse 5'-gcc age age aat cag cat-3' (SEQ ID NO: 19). These
primers overlap the joint sequences of the MCK promoter 3'
end and the EGFP or Mst gene 5' end. Female and male
animals carrying the transgene and their age-matched con-
trols were sacrificed at 7 weeks of age, 10 animals in each
group. Genotyping of mice was performed by PCR (FIG. 3A)
and Southern blot analysis (FIG. 3B) of 30 ug EcoRI digested
genomic DNA prepared from liver (representative samples
are shown).

Skeletal muscles (tibialis, gastrocnemius, quadriceps, dia-
phragm, biceps, forearm muscle) were collected, and selected
tissues were used for further investigation. Transgenic ani-
mals carrying the EGFP transgene showed green fluores-
cence only in muscles (FIGS. 2C and 2D). Results of different
muscle weights collected from myostatin overexpressing and
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wild type animals are shown in FIG. 4. Although there was no
significant difference between the body weights of transgenic
and control males (22.3+2.1 and 24.8+2 g, respectively),
there was a 17% decrease in gastrocnemius weight, a 21%
decrease in quadriceps weight, and an 18% decrease in tibi-
alis muscle weight (FIG. 4A). Significant differences in body
weights (19.1+1.1 and 19.3+2.1 g), or in muscle weights
between transgenic and control females were not found (FIG.
4B).

Determination of EGFP and Myostatin Expression

Transgenic animals show 2.2 fold increase in Mst expres-
sion in skeletal muscle: Mst expression was analyzed by
RT-PCR, northern and western blotting. Total RNA was
extracted from gastrocnemius, tibialis and quadriceps of
transgenic and control mice. Aliquots were submitted to RT
PCR reaction. Two primer sets for Mst were chosen. A first
primer set for endogenous Mst included: forward 5'-aga caa
aac acg agg tact ¢-3' (SEQ ID NO: 20) and reverse 5'-tgg att
cag getgtttga ge-3' (SEQ ID NO: 21). A second primer set for
Mst transgene included: forward 5'-gtc tcc cat taa tat get at-3'
(SEQ ID NO: 22) and reverse 5'-atc ata ccc tee taa ctc ag-3'
(SEQ ID NO: 23).

The first primer set was used to measure the total Mst
present, but to avoid possible cross-reaction with GDF-11
mRNA, the second was used to differentiate the endogenous
and exogenous Mst. The housekeeping gene GAPDH was
employed, and was evenly expressed in all samples. There
was a significant increase (37%) in Mst mRNA expression in
transgenic animals (FIG. 5). Protein was extracted from the
same muscles mentioned above. Denatured proteins were
separated on SDS gel, transferred to NC membrane, and
immunodetected with costume made Mst monoclonal anti-
body. This antibody recognizes the full length, unprocessed
52 kDa Mst protein and the 28 kDa biologically active Mst
protein. Quantification of the Western blot results indicated a
significantly higher (2.2 fold) Mst protein levels in transgenic
animals’ skeletal muscle. The relative expression levels
within each animal followed this order:
gastrocnemius>quadriceps>tibialis anterior. No detectable
Mst protein was found in Mst KO animals. Mst proteins were
also immunodetected with myostatin polyclonal antibody
that recognized the 38 kDa form of Mst (FIG. 6). Significantly
lower (41%) Mst protein was detectable in male skeletal
muscle, than in female’s (25%). The figure shows the western
blot from gastrocnemius, but similar results were found in
other muscles.

Quantification of muscle atrophy: Groups of animals of
different ages (2 months, 6 months, 12 months and 18
months) were anaesthetized and scanned in CT scanner (Mi-
croCAT II). The Xray source, Xray detector and video camera
were mounted to a rotating stage that moved around the
animal 360 degrees. The exposure time was about 29 minutes
per animal. Amira 3.1 version software was used to obtain a
3D image from the raw data. Skeletal tissue and fat mass were
quantified on the images. A significant reduction (24%) in
hind limb muscle mass and an increase in abdominal fat (1.7
fold) in transgenic animals at age 6 months or older compared
to control was identified. Representative 3D images and cross
sections are shown on FIG. 10. Detailed quantification of the
data is in progress.

Comparison of Muscle Strength Measurements:

A pulley apparatus was constructed in which one end of the
pulley system consisted of a weight container, while the other
end attached to the base of the animal tail. Mice were dangled
over a horizontal pull bar assembly, and were allowed to grasp
the bar. Once the grasp was secure, a steady stream of water
flowed into the weight container. The volume of water
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required for the mouse to release the pull bar was measured.
The difference in grip strength between females and males in
two different mouse strains, C57B16 and BalbC, was mea-
sured (FIG. 8). Gender differences within the strains (B16:
p=0.02193; BalbC: p=7.9E-07), differences between males
(first two columns) of the two strains (p=0.00377), but not
between female (last two columns, p=0.393) were observed.

The daily spontaneous activity was also analyzed on a
rodent running wheel for four weeks and surprisingly found
that Mst Tg mice had significantly greater daily activity com-
pared KO and WT male animals as shown on FIG. 9.

Modified Mst expression does not change single fiber ten-
sion: Contractile measurements on 7 week-old male WT,
transgenic and KO animals, 10 mice in each group were
performed. Under anesthesia, the tendon of the plantaris
muscle was attached to a computer controlled Cambridge
305B ergometer. The optimal muscle length (i.e., L,) was
determined from measurements of isometric tension made at
various muscle lengths. All subsequent measurements were
made with the muscle starting at an initial length of L. The
muscle was then tested ata minimum of 15 different afterload
conditions (3 to 100% of P,) so that the force-velocity rela-
tionship could be determined. The afterload of the ergometer
was controlled using the DAC-08 digital-to-analog board of
the computer. Specific-tension was determined by normaliz-
ing maximal isometric tension to the cross-sectional area of
the muscle. Force-velocity data was fitted using a linear ver-
sion of the Hill equation. Using this equation, V,,, was esti-
mated by determining the y-intercept of the force-velocity
relationship. All of the above contractile measurements were
made with a rest interval of 1 min. between each contraction.
FIG. 11 shows the results of the force-velocity measurements.
Plantaris muscle of the KO mice produced 40% more force
than the WT and transgenic mice. Specific-tension provides
insight regarding the physiology of the system, and, in this
case, demonstrated that the muscles in both the transgenic and
KO groups were capable of producing a normal amount of
specific tension. No differences were found in isometric ten-
sion normalized to cross-sectional area and isometric
twitches.

Fast type whole muscle MHC protein isoform composition
in transgenic animals is not altered: Proteins were isolated
from plantaris muscle from the same animals used for the
contractile measurements. Approximately 0.1 pg of myo-
fibrillar protein from each muscle sample were electrophore-
sed using a constant voltage of 275V for 5 hrs. The four MHC
isoforms, type I, type IIA, IIX and IIB proteins were stained
using a silver staining kit and scanned for quantification using
a laser densitometer. We found significant differences in
MHC isoform composition in KO animals where the MHC
type IIB protein levels were significantly higher by
17.5£1.7% compared to WT, and the type HA protein levels
were decreased by 10.5+1.3% in plantaris muscles. Trans-
genic animal’s plantaris muscle MHC isoform composition
was not significantly different from WT.

Histomorphometry

The cross-sectional area of the muscle fibers was deter-
mined by point counting. A minimum of 30 type II fibers was
analyzed in each muscle specimen. The fields were randomly
selected to measure the fiber area, and all of the fibers encom-
passed in those fields were evaluated. Significant differences
were observed between myostatin overexpressing and control
animals in gastrocnemius, as well as in quadriceps (FIG. 7A).
The number of myonuclei were counted in 20 randomly
selected muscle fibers of each type in gastrocnemius and
quadriceps samples. Myonuclei numbers are summarized in
FIG. 7B. Statistically significant differences were observed
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between transgenic and control in gastrocnemius, and
inquadriceps muscles as well. Gender differences were nei-
ther observed in cross-sectional area nor in myonuclei num-
ber.

Mst transgenic animals exhibit significant changes in fiber
morphometry: A comprehensive analysis on fiber cross-sec-
tional area (CSA), fiber number, and fiber type distribution in
plantaris, gastrocnemius, soleus, quadriceps, tibialis and
extensor digitorum longus (EDL) muscles isolated from WT,
KO and transgenic animals (n=5/group) has been conducted.
Muscle samples were frozen and sectioned in a cryostat.
Tissue sections were probed with a monoclonal antibody
specific to type JIB MHC isoform, 200-300 fibers per sample
were analyzed and quantified applying image analysis (Table
T and FIG. 12).
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but they lost more fat compared to WT and KO. WT and KO
mice fat mass did not change significantly during exercise.

Mechanical Overloading of the Plantaris Muscle:

Mechanical overloading has been used on rats. Mechanical
overloading produces substantial hypertrophy of the plantaris
muscle (muscle mass increased by 63% compared to control),
and substantial changes of MHC protein isoform distribution
in female rats. The overloaded muscle showed a significant
reduction in fast type IIB MHC isoform, both at the mRNA
and protein levels. This technique is adopted for correspond-
ing experiments with mice,
Mst Changes Molecular Pathways in Muscle

In order to identify the pathways involved in the Mst over-
expression induced muscle atrophy, muscle samples were
collected from five animals in each group (gastrocnemuis

TABLE 1

MHC composition and fiber cross sectional area (CSA) analysis in Mst KO, Tg, and WT animals.

Plantari red gastrocnemiu Soleus EDL
CSA (um?) IIB/1 CSA (um?) IIB/I CSA (um?) IIB/1 CSA (um?) IIB/I
type 1IB Type I Ratio type IIB type I ratio type IIB type I ratio type IIB type I ratio
WT 4432 115 2271 + 245 3.6 3772+265 2234 x154 0.5 2118+176 1970 =256 0.2 3577189 1848 +98 4.25
KO 6785 £221* 3874 +211%* 2.0 5998 £326% 3111 £319 0.9% 2510 £152 2045 £ 344 1.1% 5392 +137* 1991 + 119 6.4%
Tg 3974 £153* 2075+ 237 2.0 3145+ 105* 2015 +167 0.16* 1989 =187 1769 =233 0.2 2434+ 121* 1122 +197 1.8%

*significant differences compared to WT when P < 0.05

The data show significant changes in CSA of Tg animal’s
fast and mixed type muscles, but not in slow type muscles. KO
animals had more fast type fibers while Tg animals had more
slow type fibers, compared to WT. Significant changes in the
number of fibers were not detected.

Mst Tg animals exhibit significantly higher level of exer-
cisetolerance: The exercise tolerance of these three groups of
animals using treadmill to exhaustion were completed. Fol-
lowing a short training period, six months-old animals were
forced to run on a flat treadmill at 8 m/min speed for 5 min.
Then both the belt speed and the inclination angle were
increased to 12 m/min, 5% increment for 5 min. The next step
was at 16 m/min, 10% increment for 5 min, etc. Animals were
forced to run with 1.5 mA electric shock, and the test ended
when the animals did not avoid the electric shock. The test
was performed every other day for six weeks. The work rate
weekly (3 days, four animals in each groups)
(WR=g*BW*v*sin(a), where WR=work rate (Watts),
g=gravitation acceleration, BW=body weight (kg), v=speed
(m/min), a=opening angle of the treadmill) was calculated.
The results are shown on FIG. 13. Exercise tolerance for KO
animals was significantly lower than for Tg animals each
week. This difference started to increase on week 3, mainly
because Tg animals begun to show increased exercise toler-
ance. The lower exercise tolerance in KO mice could be
related to increased amount of fast type fibers, and the shift
from oxidative to glycolytic metabolic activity in adult skel-
etal muscle.

Male mice overexpressing Mst in skeletal muscle showed
increased levels of abdominal fat mass if older than 4 months.
At the end of the treadmill exercise experiment described
above, abdominal fat pads were collected from control (not
running on treadmill) and experimental animals. As shown in
FIG. 14, Mst Tg animals had significantly higher fat before
exercise than WT. Following six weeks of treadmill, Tg ani-
mals not only ran longer and had higher exercise tolerance,
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muscles were used because it had mixed fiber types and were
large enough to isolate RNA in sufficient quantities). The
isolated RNAs were pooled and subjected to cDNA synthesis,
then applied on superarray Pathway Finder analysis. FIG. 15
shows the changes in gene expression levels in TG and KO
animals relative to WT. Mst Tg animals TGF-p, p53, NF-
kappaB, LDL and PI3K/Akt pathways were upregulated sig-
nificantly, while the Hedgehog, retinoic acid, insulin and
CREB pathways were downregulated. In Mst KO animals,
the only upregulated pathway was TGF-f3, while insulin and
androgen pathways were significantly downregulated. These
changes indicate that Mst is involved in cell proliferation,
differentiation, cell cycle regulation (as already known), and
also in cell metabolism and cell fate decision. Further analysis
is needed to elucidate the exact role of Mst in these processes,
and this is one of the goal of this project.
Generation of the CMOT Mouse

The data presented above shows that the Mst overexpress-
ing mouse is a good model for muscle wasting. However, this
model does not allow testing the mechanism of Mst action in
the regulation of muscle in the adult. The Tg animals we have
generated have a “developmental disorder”, since Mst is over-
expressed before birth. A more appropriate model to mimic
atrophic pathology would be a conditional overexpressing
transgenic (CMOT) animal, in which Mst could be turned on
and off in a reversible way at any time during adulthood.

Example 2

Generation of the DNA Construct for Conditional
Mst Overexpression

pMCK1.3/Tet-ON/Blue Plasmid:

To produce a conditional Mst overexpressing transgenic
animal, we have used two constructs, one is the regulatory
plasmid (pTet-ON), and the other is the response plasmid
(pTRE2). Both are available from Clontech, Inc. In the regu-
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latory plasmid, the reverse transactivator protein (rtTA),
which is a fusion of Tc repressor protein and VP16 protein of
herpes simplex virus activation domain, expresses under the
control of CMV promoter. First, this promoter was changed to
the muscle specific promoter (MCK, SEQ ID NO: 8) to obtain
rtTA expression only in skeletal muscle. A fusion protein of
rtTA with blue-fluorescence protein was created to detect
rtTA expression level both in vitro and in vivo (FIG. 16-A).
pTRE2/HA-mMst/IRES-EGFP Plasmid:

The response plasmid contains a multiple cloning site
immediately downstream of the Tet responsive P, -, pro-
moter. This site was used for cloning the Mst sequence (SEQ
ID NO: 5), which was previously fused with hemagglutinin
(HA) epitope on its 5' end (SEQ ID NO: 6). It is well-known
that Mst goes through a posttranslational modification.® Dur-
ing this process, two C-terminal domains of the full length
Mst protein form a dimer by covalent bond called the pro-
cessed/mature Mst. This dimer was able to be detected with
an antibody against the C-terminal domain. The N-terminal
domain stays attached to the dimer, and has an inhibitory
function on it. This complex is called latency associated pro-
tein. An antibody against the HA sequence allowed detection
of and following of the path of the N-terminal domain, both
within the muscle tissues and in the serum. An IRES (internal
ribosome entry site) sequence with an EGFP sequence (SEQ
1D NO: 4) was inserted to be able to express Mst and EGFP
with the same promoter on a single transcript (FIG. 16-B).

Both constructs were tested in vitro on two different cell
lines, the C2C12 mouse myoblast and the human skeletal
muscle myoblast (HSMM) before use in producing trans-
genic animals. The regulatory and the response plasmids
were co-transfected into the cells by electroporation. The
transfected cell lines were used to determine the optimal
doxycyclin concentration and the optimal time course for
maximum EGFP expression. For in vivo application, this
monocistronic model requires generation of two different
transgenic animals (the regulatory and the response animals).
Their offspring are genotyped, selected for the presence of the
two transgenes, respectively, and cross-bred. The second gen-
eration is screened for double transgenic animals. Each step
requires duplication, and more importantly, the number of the
resulted double-transgenic animals is very low. The results of
producing these animals are described below.

Bicistronic Model:

To increase the number of double-transgenic animals and
decrease the time to generate offsprings, a novel, bicistronic
gene expression system was developed where the regulatory
and response sequences are cloned in the opposite orienta-
tion. The basic idea is similar to the one described above, but
instead of using two constructs, only one fragment with the
regulatory and the response sequences was used. A muscle
creatine kinase (MCK) enhancer/promoter (SEQ ID NO: 8)
containing the region from -1354 to +1 bp from the transcrip-
tion initiation site was cloned into the pTet-ON vector carry-
ing the rtTA sequence (Clontech). The MCK fragment (1.3
kb) was released from pMCKG plasmid by restriction digest
with Spel/EcoRI. The vector was digested with HindIIl. Both
fragments were filled up by Klenow polymerase reaction, and
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blunt end ligation was performed. Blue fluorescent protein
sequence (SEQ ID NO: 10) was fused to the 3' end of the rt TA
sequence in order to visualize the expression.

Next, the myostatin cDNA (SEQ ID NO: 5) from the
mouse skeletal muscle was cloned and sequenced. Primers
for mMst cloning were: forward 5'-atg atg caa aaa ctg caa atg
tat-3' (SEQ ID NO: 16); reverse 5'-tca tga gca cec aca-3' (SEQ
ID NO: 17). This 1.1 kb sequence was subcloned into the
pTRE/HA vector and then the TRA/HA-Mst sequence was
subsequently cloned into the pIRES/EGFP vector.

Finally, the two sequences were cloned together in reverse
orientation into a bicistronic gene expression system result-
ing the final construct named: pMCK/rtTA-BFP/
SV40poly A/ TRE/HA-Mst/IRES-EGFP/SV40polyA (SEQ
ID NO: 13) (FIG. 1B).

The TRE promoter is silent in the absence of binding
Tet-activated rt TA protein, and becomes activated upon bind-
ing the Doxycycline (Dox, also known as doxycyclin), and
express HA-Mst and EGFP at the same time.

This construct (6.4 kb) has been developed, the in vitro
tests are completed, and the construct was injected into pro-
nuclei. Stable transfectant myoblast (C2C12) cells were iso-
lated and experiments regarding to optimal Dox concentra-
tion and time course were repeated.

Example 3

CMOT Animals: For the generation of transgenic mice, the
6.5 kb long MCK/rtTA-BFP/SV40polyA//TRE/HA-Mst/
IRES-EGFP/SV40polyA fragment was released by Aflll
restriction endonuclease digestion and this fragment was
used for pronuclei injection. Pronuclei injection was success-
fully completed. Three hundred and five pronuclei were
injected with the bicistronic construct, and 24 pups were
born. Five were identified positive for the transgene.

Transgenic (positive genotype) animals were used for
breeding, and following an eighth weeks of Dox treatment in
their chow, Mst and EGFP expression were monitored via
collection of biopsy samples. Mst protein expression levels
were detected by Western blot using monoclonal anti-Mst
antibody that recognized the two forms of Mst protein: the 52
kDa and the 28 kDa. The representative result is shown on
FIG. 17. Mst conditional expression was successfully
repeated on these animals three times already by Dox treat-
ment and Dox withdrawal.

Other non-human transgenic animals, such as transgenic
rats, hamsters, rabbits, gerbils, sheep, goat, horse, cow, dog,
cat, other mammal, chicken, turkey, goose, pheasant, other
bird, salmon, trout, halibut, other fish, oyster, shrimp, or other
animal, whether a domestic animal, laboratory animal, a
game animal, or other animal, may be prepared by the same or
analogous methods.

Itwill be appreciated by those skilled in the art that changes
could be made to the embodiments described above without
departing from the broad inventive concept thereof. It is
understood, therefore that this invention is not limited to the
particular embodiments disclosed, but it is intended to cover
modifications that are within the spirit and scope of the inven-
tion, as defined by the appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 23
<210>
<211>
<212>

<213>

SEQ ID NO 1

LENGTH: 6786

TYPE: DNA

ORGANISM: Mus Musculus
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<400> SEQUENCE: 1

cttaagatac attgatgagt ttggacaaac cacaactaga atgcagtgaa aaaaatgctt 60
tatttgtgaa atttgtgatg ctattgcttt atttgtaacc attataagct gcaataaaca 120
agttaacaac aacaattgca ttcattttat gtttcaggtt cagggggagyg tgtgggaggt 180
tttttaaagc aagtaaaacc tctacaaatg tggtatgget gattatgatc tagagtcgeg 240
geegetttac ttgtacaget cgtecatgece gagagtgatce ceggeggegg tcacgaactce 300
cagcaggacce atgtgatcgce gettctegtt ggggtetttyg ctcagggegyg actgggtget 360
caggtagtgg ttgtcgggca gcagcacggg gecgtegecg atgggggtgt tetgetggta 420
gtggtceggeyg agetgcacge tgcegtecte gatgttgtgg cggatcttga agttcacctt 480
gatgccgtte ttectgettgt cggccatgat atagacgttg tggectgttgt agttgtactce 540
cagcttgtge cccaggatgt tgccgtecte cttgaagteg atgeccttca gctcegatgeg 600
gttcaccagyg gtgtcgccct cgaacttcac cteggegegg gtettgtagt tgecgtegte 660
cttgaagaag atggtgcgcet cctggacgta gectteggge atggcggact tgaagaagte 720
gtgctgette atgtggtcgg ggtageggcet gaagcactge acgccgtagg tcagggtggt 780
cacgagggtyg ggccagggca cgggcagett geecggtggtyg cagatgaact tcagggtcag 840
cttgeecgtag gtggcatcge cctegeccte gecggacacyg ctgaacttgt ggecegtttac 900
gtegecegtee agetcgacca ggatgggcac caccceggtg aacagctect cgeccttget 960
caccatggtt gtggccatat tatcatcgtg tttttcaaag gaaaaccacg tccccecgtggt 1020
tcggggggcece tagacgtttt tttaacctcg actaaacaca tgtaaagcat gtgcaccgag 1080
gccccagate agatcccata caatggggta ccttetggge atccttcage ccecttgttga 1140
atacgcttga ggagagccat ttgactcttt ccacaactat ccaactcaca acgtggcact 1200
ggggttgtge cgcctttgca ggtgtatctt atacacgtgg cttttggccg cagaggcacce 1260
tgtcgecagg tggggggtte cgctgcectge aaagggtcege tacagacgtt gtttgtette 1320
aagaagcttc cagaggaact gcttccttca cgacattcaa cagaccttge attcecctttgg 1380
cgagagggga aagaccccta ggaatgcetceg tcaagaagac agggccaggt ttceegggece 1440
tcacattgce aaaagacggc aatatggtgg aaaataacat atagacaaac gcacaccggce 1500
cttattccaa gecggcttegg ccagtaacgt tagggggggg ggagggagag gggcggatcce 1560
cgggccecegeg gtaccgtega ctgcagaatt cactagtgat taaattatat tgtcgactca 1620
tgagcaccca cagcggtcta ctaccatggce tggaattttc ccatatatta tttgttettt 1680
gccattaaaa tatagcatat taatgggaga catttttgtce ggagtgcagc aagggcctge 1740
tgagcctetg gggtttgett ggtgcacaag atgagtatgce ggatattttt gtaaaaacac 1800
aaattcacac tctcctgage agtaattgge cttatatctt ttgggtgcga taatccagtce 1860
ccatccaaag gcttcaaaat cgaccgtgag ggggtagegyg cagcaccggyg attccgtgga 1920
gtgctcatcg cagtcaagcce caaagtctct ccgggaccte ttgggtgtgt ctgtcacctt 1980
gacttctaaa aagggattca gcccatctte tecctggtceet gggaaggtta cagcaagatce 2040
atggccattc tcatccaaag ctttgatttc aatgcctaag ttggattcag getgtttgag 2100
ccaattttgc aacactgtct tcacatcaat actctgccaa ataccagtgce ctgggctcat 2160
gtcaagtttc agagatcgga ttccagtata ccttgtacceg tetttcatgg gtttgatgag 2220
tctcaggatt tgcacaaaca ctgttgtagg agtcttgacg ggtctgagat atatccacag 2280
ttgggctttt actactttgt tgtactgtat tttagagcta aatttaaaaa agcaacattt 2340
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-continued
gggcttgeca tceccgettgca ttagaaagtc agactctgta ggcatggtaa tgattgttte 2400
cgtggtageg tgataatcgt catcttccaa agagccatca ctgctgtcat cecctctggac 2460
gtcgtactga tcgatcagtt ccecggagtgg aggcgctctt ggcagaagtt gtcttatage 2520
atctttgetg atgttaggag ctgtttccag gcgcagcetta ctgaggattt gaatttttat 2580
ggcttctatt ctggagtacce tcgtgttttg tcectccacgca catgcattac acagccectce 2640
tttttccaca ttttecttete tetcactgce ctcecatttaga tccactgggce cagcagcaat 2700
cagcatgaac aggtaaatat aaacatacat ttgcagtttt tgcatcatgg ctggatccgg 2760
gcccataaga gcegtaatctg gaacatcgta tgggtacatg gtgtctaget cgegtcaget 2820
gactagagga tccccgggta ccgagetcga atteggggece geggaggetg gatcggtecce 2880
ggtgtcttet atggaggtca aaacagcgtg gatggcgtet ccaggcgatc tgacggttca 2940
ctaaacgagc tctgcttata taggcectcce accgtacacg cctactcgac ccgggtaccg 3000
agctcgactt tcacttttcet ctatcactga tagggagtgg taaactcgac tttcactttt 3060
ctctatcact gatagggagt ggtaaactcg actttcactt ttctctatca ctgataggga 3120
gtggtaaact cgactttcac ttttctctat cactgatagg gagtggtaaa ctcgactttce 3180
acttttectet atcactgata gggagtggta aactcgactt tcacttttet ctatcactga 3240
tagggagtgg taaactcgac tttcactttt ctctatcact gatagggagt ggtaaactcg 3300
actttcactt ttctctatca ctgataggga gtggtaaact cgagatctcg agctcaagct 3360
tcgaattatc gaattcctge agcccgatct cagectgaggt gcaaaaggct cctgtcatat 3420
tgtgtecetge tectggtctge cttceccacage ttgggggceca cctageccac ctcetceectag 3480
ggatgagagce agccactacg ggtctaggcet geccatgtaa ggaggcaagg cctggggaca 3540
ccecgagatge ctggttataa ttaacccaga catgtggcetg ccccccccee cccaacacct 3600
gctgectgag cctcaccccee accecggtge ctgggtcectta ggctcetgtac accatggagyg 3660
agaagctcgce tctaaaaata accctgtcce tggtggatcce agggtgaggg gcaggctgag 3720
ggcggccact tccctcagcee gcaggtttgt tttceccaaga atggtttttce tgcttctgta 3780
gctttteetyg tcaattectge catggtggag cagcctgcac tgggcttcetg ggagaaacca 3840
aaccgggttc taacctttca gctacagtta ttgecctttece tgtagatggg cgactacagce 3900
cccaccecca cccceegtete ctgtatectt cctgggectg gggatcctag getttcecactg 3960
gaaatttcece cccaggtgct gtaggctaga gtcacggctce ccaagaacag tgcttgectg 4020
gcatgcatgg ttctgaacct ccaactgcaa aaaatgacac ataccttgac ccttggaagg 4080
ctgaggcagg gggattgcca tgagtgcaaa gccagactgg gtggcatagt tagaccctgt 4140
ctcaaaaaac caaaaacaat taaataacta aagtcaggca agtaatccta ctcgggagac 4200
tgaggcagag ggattgttac atgtctgagg ccagcctgga ctacataggg tttcaggcta 4260
gccctgteta cagagtaagg ccctatttca aaaacacaaa caaaatggtt ctcecccagetg 4320
ctaatgctca ccaggcatga agcctggtga gcattagcaa tgaaggcaat gaaggagggt 4380
gctggctaca atcaaggctg tgggggactg agggcaggct gtaacaggcet tgggggccag 4440
ggcttatacg tgcctgggac tcccaaagta ttactgttec atgttcecccgg cgaagggcca 4500
gctgtecececee gecagctaga ctcagcactt agtttaggaa ccagtgagca agtcagecect 4560
tggggcagee catacaaggce catggggetg ggcaagetge acgectgggt cceggggtggyg 4620
cacggtgcce gggcaacgag ctgaaagetce atctgcetcete aggggcccect ccctggggac 4680
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agccectect ggctagtcac accctgtagg ctectctata taacccaggg gcacaggggce 4740
tgccececcaag ctggecgete tagaggatce ccgggactag aattcaccat gtctagatta 4800
gataaaagta aagtgattaa cagcgcatta gagctgctta atgaggtcgg aatcgaaggt 4860
ttaacaaccc gtaaactcgce ccagaagctt ggtgtagagce agcctacact gtattggcat 4920
gtaaaaaata agcgggcttt gctcgacgec ttagccattg agatgttaga taggcaccat 4980
actcactttt gccctttaaa aggggaaagc tggcaagatt ttttacgcaa taacgctaaa 5040
agttttagat gtgctttact aagtcatcgc aatggagcaa aagtacattc agatacacgg 5100
cctacagaaa aacagtatga aactctcgaa aatcaattag cctttttatg ccaacaaggt 5160
ttttcactag agaacgcgtt atatgcactc agcgctgtgg ggcattttac tttaggttgce 5220
gtattggaag atcaagagca tcaagtcgct aaagaagaaa gggaaacacc tactactgat 5280
agtatgccgce cattattacg acaagctatc gaattatttg atcaccaagg tgcagagcca 5340
gccttettat teggecttga attgatcata tgcggattag aaaaacaact taaatgtgaa 5400
agtgggtceg cgtacagccg cgcgegtacg aaaaacaatt acgggtctac catcgaggge 5460
ctgctegate tcceggacga cgacgcecccee gaagaggegyg ggctggegge tecgegectg 5520
tcetttetee ccegegggaca cacgcgecaga ctgtcgacgyg cceccecccgac cgatgtcage 5580
ctgggggacyg agctccactt agacggegag gacgtggcega tggegcatge cgacgegcta 5640
gacgatttcg atctggacat gttgggggac ggggattcec cgggtceccggg atttaccccce 5700
cacgactceg cecccectacgg cgctcectggat atggccgact tcgagtttga gcagatgttt 5760
accgatgeccce ttggaattga cgagtacggt gggatggatc cccgggtacce ggtcgccacce 5820
atggtgagca agggcgagga gctgttcacce ggggtggtge ccatcctggt cgagctggac 5880
ggcgacgtaa acggccacaa gttcagegtg tccggegagg gegagggcega tgccacctac 5940
ggcaagctga ccctgaagtt catctgcacce accggcaage tgcccgtgec ctggeccacce 6000
ctcgtgacca ccctgacctg gggcgtgcag tgcttcagece gcectaccccga ccacatgaag 6060
cagcacgact tcttcaagtc cgccatgcce gaaggctacg tccaggagceg caccatctte 6120
ttcaaggacg acggcaacta caagacccgce gecgaggtga agttcgaggyg cgacaccctg 6180
gtgaaccgca tcgagctgaa gggcatcgac ttcaaggagg acggcaacat cctggggeac 6240
aagctggagt acaactacat cagccacaac gtctatatca ccgecgacaa gcagaagaac 6300
ggcatcaagyg ccaacttcaa gatccgccac aacatcgagg acggcagegt gcagetcgece 6360
gaccactacc agcagaacac ccccatcgge gacggeccceg tgctgcetgec cgacaaccac 6420
tacctgagca cccagtccge cctgagcaaa gaccccaacyg agaagcgcga tcacatggte 6480
ctgctggagt tcgtgaccge cgccgggatce actctcecggca tggacgagcet gtacaagtaa 6540
agcggcecegeg actctagatc ataatcagcce ataccacatt tgtagaggtt ttacttgett 6600
taaaaaacct cccacacctce cccctgaacce tgaaacataa aatgaatgca attgttgttg 6660
ttaacttgtt tattgcagct tataatggtt acaaataaag caatagcatc acaaatttca 6720
caaataaagc atttttttca ctgcattcta gttgtggttt gtccaaactc atcaatgtat 6780
cttaag 6786

<210> SEQ ID NO 2
<211> LENGTH: 3131

<212> TYPE:

DNA

<213> ORGANISM: Mus Musculus
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<400> SEQUENCE: 2

atgcatggeg gtaatacggt tatccacaga atcaggggat aacgcaggaa agaacatgtg 60
agcaaaaggc cagcaaaagg ccaggaaccg taaaaaggcec gegttgetgg cgtttttceca 120
taggctcege cccectgacg agcatcacaa aaatcgacge tcaagtcaga ggtggcgaaa 180
cccgacagga ctataaagat accaggegtt tecccctgga ageteccteg tgcgetctee 240
tgtteccgace ctgccgetta ccggatacct gtecgecttt cteecttegyg gaagegtgge 300
getttetecat agetcacget gtaggtatcet cagtteggtg taggtegttce getccaaget 360
gggetgtgtyg cacgaacccee ccegttcagece cgaccgetge gecttatceg gtaactateg 420
tcttgagtee aacccggtaa gacacgactt atcgecactyg gcagcagceca ctggtaacag 480
gattagcaga gcgaggtatg taggcggtgce tacagagttce ttgaagtggt ggectaacta 540
cggctacact agaaggacag tatttggtat ctgcgctcetyg ctgaagccag ttaccttegg 600
aaaaagagtt ggtagctett gatccggcaa acaaaccacce gctggtageg gtggtttttt 660
tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc ctttgatctt 720
ttctacgggg tctgacgetce agtggaacga aaactcacgt taagggattt tggtcatgag 780
attatcaaaa aggatcttca cctagatcct tttaaattaa aaatgaagtt ttaaatcaat 840
ctaaagtata tatgagtaac ctgaggctat ggcagggcct gecgecccega cgttggetge 900
gagecectggyg ccttcacceg aacttggggg gtggggtygyg gaaaaggaag aaacgcggge 960
gtattggcece caatggggtce tcggtggggt atcgacagag tgccagccct gggaccgaac 1020
ccegegttta tgaacaaacg acccaacacce gtgegtttta ttcectgtcecttt ttattgecegt 1080
catagcgegg gttectteeg gtattgtcecte cttecgtgtt tcagttagece teccectagg 1140
gtgggcgaag aactccagca tgagatccce gegetggagg atcatccage cggegteccg 1200
gaaaacgatt ccgaagccca acctttcata gaaggcggceg gtggaatcga aatctcgtga 1260
tggcaggttg ggcgtcgett ggtcggtcat ttcgaacccce agagtcccge tcagaagaac 1320
tcgtcaagaa ggcgatagaa ggcgatgege tgegaatcegyg gageggcgat accgtaaage 1380
acgaggaagc ggtcagccca ttcgccgeca agetcttcag caatatcacyg ggtagcecaac 1440
gctatgtect gatageggte cgccacacce agccggecac agtcgatgaa tccagaaaag 1500
cggccatttt ccaccatgat attcggcaag caggcatcgce catgggtcac gacgagatcce 1560
tcgecegtegg gecatgcectege cttgagectg gcgaacagtt cggctggcge gagceccctga 1620
tgctcttegt ccagatcatc ctgatcgaca agaccggcett ccatccgagt acgtgctegce 1680
tcgatgegat gtttegcecttyg gtggtcgaat gggcaggtag ccggatcaag cgtatgcagce 1740
cgccgecattg catcagccat gatggatact ttctcecggcag gagcaaggtg agatgacagg 1800
agatcctgece ccggcactte geccaatage agccagtecce ttceccecgcectte agtgacaacg 1860
tcgagcacag ctgcgcaagg aacgccegte gtggecagece acgatagecyg cgctgecteg 1920
tcttgcagtt cattcagggc accggacagg tcggtcttga caaaaagaac cgggcgcccce 1980
tgcgctgaca geccggaacac ggcggcatca gagcagcecga ttgtctgttg tgcccagtca 2040
tagccgaata gectcectcecac ccaagceggce ggagaacctg cgtgcaatcce atcttgttca 2100
atcatgcgaa acgatcctca tcecctgtectcet tgatcgatct ttgcaaaage ctaggcctcece 2160
aaaaaagcct cctcactact tcectggaatag ctcagaggcce gaggcggcect cggectcetge 2220
ataaataaaa aaaattagtc agccatgggg cggagaatgg gcggaactgg gcggagttag 2280
gggcgggatyg ggcggagtta ggggcgggac tatggttget gactaattga gatgcatgcet 2340
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ttgcatactt ctgcctgcetyg gggagcectgg ggactttceca cacctggttg ctgactaatt 2400
gagatgcatg ctttgcatac ttctgcctge tggggagcct ggggactttce cacaccctaa 2460
ctgacacaca ttccacagct ggttctttce gcctcaggac tcecttectttt tcaatattat 2520
tgaagcattt atcagggtta ttgtctcatg agcggataca tatttgaatg tatttagaaa 2580
aataaacaaa taggggttcc gcgcacattt ccccgaaaag tgccacctga cgcgecctgt 2640
agcggcegecat taagcgcggce gggtgtggtg gttacgcegca gegtgaccge tacacttgece 2700
agcgccectag cgccegctee tttegettte tteecttect ttcectegecac gttegecgge 2760
tttceceegte aagctctaaa tegggggcte cctttagggt teccgatttag tgctttacgg 2820
cacctcgacce ccaaaaaact tgattagggt gatggttcac gtagtgggcc atcgccctga 2880
tagacggttt ttcgcccttt gacgttggag tccacgttet ttaatagtgg actcttgtte 2940
caaactggaa caacactcaa ccctatctcg gtctattett ttgatttata agggattttg 3000
ccgatttegg cctattggtt aaaaaatgag ctgatttaac aaaaatttaa cgcgaatttt 3060
aacaaaatat taacgcttac aatttacgcc ttaagataca ttgatgagtt tggacaaacc 3120
acaactagaa t 3131
<210> SEQ ID NO 3
<211> LENGTH: 51
<212> TYPE: DNA
<213> ORGANISM: Mus Musculus
<400> SEQUENCE: 3
gcagtgaaaa aaatgcttta tttgtgaaat ttgtgatgcet attgetttat t 51
<210> SEQ ID NO 4
<211> LENGTH: 1308
<212> TYPE: DNA
<213> ORGANISM: Mus Musculus
<400> SEQUENCE: 4
ttacttgtac agctcgtcca tgccgagagt gatccceggeg geggtcacga actccagcag 60
gaccatgtga tcgegettet cgttggggte tttgctcagg geggactggg tgctcaggta 120
gtggttgteyg ggcagcagca cggggecgte gecgatgggg gtgttetget ggtagtggte 180
ggcgagetge acgetgccegt cctegatgtt gtggeggatce ttgaagttca ccettgatgece 240
gttcttectge ttgtcecggcca tgatatagac gttgtggctg ttgtagttgt actccagett 300
gtgccccagyg atgttgccegt cctecttgaa gtcegatgece ttcagetcga tgeggttcac 360
cagggtgteg ccctegaact tcacctegge gegggtettyg tagttgcegt cgtecttgaa 420
gaagatggtyg cgctecctgga cgtagectte gggcatggeg gacttgaaga agtcgtgetg 480
cttcatgtgg tceggggtage ggctgaagca ctgcacgecyg taggtcaggyg tggtcacgag 540
ggtgggccayg ggcacgggca gcttgeeggt ggtgcagatg aacttcaggg tcagettgece 600
gtaggtggca tcgecctcege cctegecgga cacgctgaac ttgtggecgt ttacgtegece 660
gtecageteg accaggatgg gcaccacccece ggtgaacage tectegecct tgcetcaccat 720
ggttgtggece atattatcat cgtgtttttc aaaggaaaac cacgtccccg tggttcegggyg 780
ggectagacyg tttttttaac ctcgactaaa cacatgtaaa gcatgtgcac cgaggcccca 840
gatcagatcce catacaatgg ggtaccttcet gggcatcctt cagccecttg ttgaatacge 900
ttgaggagag ccatttgact ctttccacaa ctatccaact cacaacgtgg cactggggtt 960
gtgcecgectt tgcaggtgta tcttatacac gtggcttttyg gecgcagagg cacctgtege 1020
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42

caggtggggy gttcegetge
cttccagagyg aactgettee
gggaaagacc cctaggaatg
tgccaaaaga cggcaatatg
ccaagcegget teggecagta
<210> SEQ ID NO 5

<211> LENGTH: 1131
<212> TYPE: DNA

ctgcaaaggyg

ttcacgacat

ctcgtcaaga

gtggaaaata

acgttagggg

<213> ORGANISM: Mus Musculus

<400> SEQUENCE: 5

tcatgagcac ccacagcggt
tttgccatta aaatatagca
tgctgagect ctggggtttyg
cacaaattca cactctectg
gtcccatceca aaggcttcaa
ggagtgctca tcgcagtcaa
cttgacttct aaaaagggat
atcatggcca ttctcatcca
gagccaattt tgcaacactg
catgtcaagt ttcagagatc
gagtctcagg atttgcacaa
cagttggget tttactactt
tttgggcettyg ccatcegett
ttcegtggta gegtgataat
gacgtcgtac tgatcgatca
agcatctttyg ctgatgttag
tatggcttet attctggagt
ctctttttece acattttett
aatcagcatyg aacaggtaaa
<210> SEQ ID NO 6

<211> LENGTH: 30
<212> TYPE: DNA

ctactaccat

tattaatggg

cttggtgeac

agcagtaatt

aatcgaccgt

gcccaaagte

tcagccecate

aagctttgat

tcttcacatce

ggattccagt

acactgttgt

tgttgtactg

gcattagaaa

cgtcatctte

gtteceggag

gagetgttte

acctegtgtt

ctctctecact

tataaacata

<213> ORGANISM: Mus Musculus

<400> SEQUENCE: 6

aagagcgtaa tctggaacat

<210> SEQ ID NO 7

<211> LENGTH: 432
<212> TYPE: DNA

cgtatgggta

<213> ORGANISM: Mus Musculus

<400> SEQUENCE: 7

tcgctacaga cgttgtttgt
tcaacagacc ttgcattcct
agacagggcce aggtttcegg

acatatagac aaacgcacac

dgggggaggyg agaggggce

ggctggaatt ttcccatata

agacattttt gtcggagtge

aagatgagta tgcggatatt

ggccttatat cttttgggtg

gagggggtag cggcagcacc

tctecgggac ctettgggty

ttctectggt cctgggaagy

ttcaatgecct aagttggatt

aatactctge caaataccag

ataccttgta ccgtctttca

aggagtcttyg acgggtctga

tattttagag ctaaatttaa

gtcagactct gtaggcatgg

caaagagcca tcactgetgt

tggaggcget cttggcagaa

caggcgcage ttactgagga

ttgtctccac gcacatgcat

geccteattt agatccactg

catttgcagt ttttgcatca

cttcaagaag

ttggcgagag

gecctcacat

cggecttatt

ttatttgttc

agcaagggcc

tttgtaaaaa

cgataatcca

gggattcegt

tgtctgtcac

ttacagcaag

caggctgttt

tgcctggget

tgggtttgat

gatatatcca

aaaagcaaca

taatgattgt

catcccetety

gttgtcttat

tttgaatttt

tacacagcce

ggccagcage

t

aggctggate ggtcceggtyg tettetatgg aggtcaaaac agegtggatg gegtcetcecag

gegatctgac ggttcactaa acgagetcetyg cttatatagg ccteccaccyg tacacgecta

ctcgaccegyg gtaccgaget cgactttecac ttttetetat cactgatagg gagtggtaaa

1080

1140

1200

1260

1308

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1131

30

60

120

180
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ctcgactttce acttttctet atcactgata gggagtggta aactcgactt tcacttttcet 240
ctatcactga tagggagtgg taaactcgac tttcactttt ctctatcact gatagggagt 300
ggtaaactcyg actttcactt ttctctatca ctgataggga gtggtaaact cgactttcac 360
ttttctetat cactgatagg gagtggtaaa ctcgactttc acttttctet atcactgata 420
gggagtggta aa 432
<210> SEQ ID NO 8
<211> LENGTH: 1357
<212> TYPE: DNA
<213> ORGANISM: Mus Musculus
<400> SEQUENCE: 8
cagctgaggt gcaaaaggct cctgtcatat tgtgtcectge tetggtcetge cttecacage 60
ttgggggcca cctageccac ctcectcectag ggatgagage agcecactacyg ggtctagget 120
geecatgtaa ggaggcaagg cctggggaca cccgagatge ctggttataa ttaacccaga 180
catgtggetyg cccecccccce cccaacacct getgectgag cctcaccceee accecggtge 240
ctgggtetta ggctetgtac accatggagg agaagctcege tctaaaaata accctgtcece 300
tggtggatce agggtgaggg gcaggctgag ggcggccact tcecectcagece gcaggtttgt 360
tttcccaaga atggttttte tgcttcectgta gcttttectg tcaattctge catggtggag 420
cagcctgcac tgggettetyg ggagaaacca aaccgggtte taacctttca gctacagtta 480
ttgcctttee tgtagatggg cgactacage cccacccceca ccececgtete ctgtatecett 540
cctgggectyg gggatectag getttcactg gaaatttecee ccecaggtget gtaggctaga 600
gtcacggcete ccaagaacag tgcttgectg gecatgecatgg ttetgaacct ccaactgcaa 660
aaaatgacac ataccttgac ccttggaagg ctgaggcagg gggattgcca tgagtgcaaa 720
gecagactgyg gtggcatagt tagaccctgt ctcaaaaaac caaaaacaat taaataacta 780
aagtcaggca agtaatccta ctcgggagac tgaggcagag ggattgttac atgtctgagg 840
ccagectgga ctacataggg tttcaggeta gecctgtceta cagagtaagyg ccctatttca 900
aaaacacaaa caaaatggtt ctcccagetg ctaatgcteca ccaggcatga agcectggtga 960
gcattagcaa tgaaggcaat gaaggagggt gctggctaca atcaaggctg tgggggactg 1020
agggcaggct gtaacaggct tgggggccag ggcttatacg tgcctgggac tcccaaagta 1080
ttactgttce atgttccegg cgaagggcca gctgtcccecce geccagctaga ctcagcactt 1140
agtttaggaa ccagtgagca agtcagccct tggggcagcce catacaaggce catggggcetg 1200
ggcaagctyge acgectgggt ccggggtggg cacggtgece gggcaacgag ctgaaagcetce 1260
atctgctete aggggccect cectggggac agcccctect ggctagtcac accctgtagg 1320
ctecctetata taacccaggg gcacaggggce tgcccce 1357
<210> SEQ ID NO 9
<211> LENGTH: 1005
<212> TYPE: DNA
<213> ORGANISM: Mus Musculus
<400> SEQUENCE: 9
atgtctagat tagataaaag taaagtgatt aacagcgcat tagagctget taatgaggte 60
ggaatcgaag gtttaacaac ccgtaaactc gcccagaage ttggtgtaga gcagcectaca 120
ctgtattgge atgtaaaaaa taagcggget ttgetcgacyg ccttagcecat tgagatgtta 180
gataggcacc atactcactt ttgcccttta aaaggggaaa gctggcaaga ttttttacge 240
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aataacgcta aaagttttag atgtgcttta ctaagtcatc gcaatggagce aaaagtacat 300
tcagatacac ggcctacaga aaaacagtat gaaactcteg aaaatcaatt agccttttta 360
tgccaacaag gtttttcact agagaacgcg ttatatgcac tcagcgctgt ggggeatttt 420
actttaggtt gcgtattgga agatcaagag catcaagtcg ctaaagaaga aagggaaaca 480
cctactactg atagtatgcce gecattatta cgacaagcta tcgaattatt tgatcaccaa 540
ggtgcagage cagecttett atteggectt gaattgatca tatgcggatt agaaaaacaa 600
cttaaatgtg aaagtgggtc cgcgtacage cgegcegcegta cgaaaaacaa ttacgggtcet 660
accatcgagg gcctgetega tctceceggac gacgacgece ccgaagaggce ggggetggeg 720
gecteegegee tgtectttet ccoccegeggga cacacgegca gactgtcegac ggeccccecyg 780
accgatgtca gcctggggga cgagctecac ttagacggeg aggacgtgge gatggegcat 840
geegacgege tagacgattt cgatctggac atgttggggg acggggattce cecgggtecyg 900
ggatttacce cccacgacte cgcccectac ggegetetgg atatggecga cttegagttt 960
gagcagatgt ttaccgatgc ccttggaatt gacgagtacg gtggg 1005
<210> SEQ ID NO 10
<211> LENGTH: 720
<212> TYPE: DNA
<213> ORGANISM: Mus Musculus
<400> SEQUENCE: 10
atggtgagca agggcgagga getgttcacce ggggtggtge ccatcctggt cgagetggac 60
ggcgacgtaa acggccacaa gttcagegtg tccggegagg gegagggcega tgccacctac 120
ggcaagctga ccctgaagtt catctgcacce accggcaage tgcccgtgec ctggeccacce 180
ctegtgacca ccctgacctyg gggcgtgeag tgettcagece gctacccecga ccacatgaag 240
cagcacgact tcttcaagtc cgccatgecce gaaggctacyg tccaggageyg caccatctte 300
ttcaaggacg acggcaacta caagacccgce gecgaggtga agttcgaggyg cgacaccctg 360
gtgaaccgca tcgagctgaa gggcatcgac ttcaaggagg acggcaacat cctggggeac 420
aagctggagt acaactacat cagccacaac gtctatatca ccgecgacaa gcagaagaac 480
ggcatcaagyg ccaacttcaa gatccgccac aacatcgagg acggcagegt gcagetcgece 540
gaccactacc agcagaacac ccccatcgge gacggeccceg tgctgcetgec cgacaaccac 600
tacctgagca cccagtccge cctgagcaaa gaccccaacyg agaagcgcga tcacatggte 660
ctgctggagt tcegtgaccge cgccgggate actcteggea tggacgaget gtacaagtaa 720
<210> SEQ ID NO 11
<211> LENGTH: 51
<212> TYPE: DNA
<213> ORGANISM: Mus Musculus
<400> SEQUENCE: 11
aataaagcaa tagcatcaca aatttcacaa ataaagcatt tttttcactg ¢ 51
<210> SEQ ID NO 12
<211> LENGTH: 6
<212> TYPE: DNA
<213> ORGANISM: Mus Musculus
<400> SEQUENCE: 12
cttaag 6
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<210> SEQ ID NO 13
<211> LENGTH: 10273
<212> TYPE: DNA
<213> ORGANISM: Mus Musculus
<400> SEQUENCE: 13
ctecgacttte acttttectet atcactgata gggagtggta aactcgagat ctcgagetca 60
agcttcgaat tatcgaattc ctgcagecceg atctcagetyg aggtgcaaaa ggctectgte 120
atattgtgte ctgctetggt ctgcctteca cagettgggyg gcecacctage ccacctetee 180
ctagggatga gagcagccac tacgggtcta ggctgcccat gtaaggaggce aaggectggg 240
gacacccgag atgectggtt ataattaacc cagacatgtg getgcccccce cecccccaac 300
acctgetgee tgagectcac ccccacceceg gtgectgggt cttaggcetet gtacaccatg 360
gaggagaagc tcgctctaaa aataaccctg tecctggtgg atccagggtyg aggggcagge 420
tgagggcgge cacttcecte agccgcaggt ttgttttece aagaatggtt tttetgette 480
tgtagetttt cctgtcaatt ctgccatggt ggagcagect gcactggget tctgggagaa 540
accaaaccgg gttctaacct ttcagctaca gttattgect ttectgtaga tgggegacta 600
cagceccace cccacceccg tectectgtat cettectggg cetggggate ctaggettte 660
actggaaatt tcccceccagg tgctgtagge tagagtcacyg gctcccaaga acagtgettg 720
cctggeatge atggttcectga acctccaact gcaaaaaatyg acacatacct tgacccttgg 780
aaggctgagg cagggggatt gccatgagtg caaagccaga ctgggtggea tagttagace 840
ctgtctcaaa aaaccaaaaa caattaaata actaaagtca ggcaagtaat cctactcggg 900
agactgaggc agagggattg ttacatgtct gaggccagec tggactacat agggtttcag 960
gctagccecetyg tcectacagagt aaggccctat ttcaaaaaca caaacaaaat ggttctcecca 1020
gctgctaatyg ctcaccagge atgaagcectg gtgagcatta gcaatgaagg caatgaagga 1080
gggtgctgge tacaatcaag gctgtggggg actgagggca ggctgtaaca ggcttggggyg 1140
ccagggctta tacgtgcctg ggactcccaa agtattactg ttccatgtte ccggcgaagg 1200
gccagctgte ccccgceccage tagactcage acttagttta ggaaccagtg agcaagtcag 1260
ceettgggge agceccataca aggccatggg getgggcaag ctgcacgect gggtecgggg 1320
tgggcacggt gcccgggcaa cgagctgaaa gctcatctge tcectcagggge cectecectgg 1380
ggacagccec tcectggcectag tcacaccctg taggctcecte tatataaccce aggggcacag 1440
gggctgceee caagctggcece gctctagagg atcccecggga ctagaattca ccatgtcectag 1500
attagataaa agtaaagtga ttaacagcgc attagagctg cttaatgagg tcggaatcga 1560
aggtttaaca acccgtaaac tcgcccagaa gcttggtgta gagcagccta cactgtattg 1620
gcatgtaaaa aataagcggg ctttgctcga cgccttagec attgagatgt tagataggca 1680
ccatactcac ttttgccctt taaaagggga aagctggcaa gattttttac gcaataacgc 1740
taaaagtttt agatgtgctt tactaagtca tcgcaatgga gcaaaagtac attcagatac 1800
acggcctaca gaaaaacagt atgaaactct cgaaaatcaa ttagcctttt tatgccaaca 1860
aggtttttca ctagagaacg cgttatatgc actcagcgct gtggggcatt ttactttagg 1920
ttgcgtattg gaagatcaag agcatcaagt cgctaaagaa gaaagggaaa cacctactac 1980
tgatagtatg ccgccattat tacgacaagc tatcgaatta tttgatcacc aaggtgcaga 2040
gccagcectte ttattcggcee ttgaattgat catatgcgga ttagaaaaac aacttaaatg 2100
tgaaagtggg tccgcgtaca gecgcegegceg tacgaaaaac aattacgggt ctaccatcga 2160
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gggectgete gatctecegg acgacgacgce ccccgaagag geggggetgg cggetccegeg 2220
cctgtecttt ctecceccgegyg gacacacgcg cagactgteg acggccccece cgaccgatgt 2280
cagcetgggg gacgagetcece acttagacgg cgaggacgtyg gegatggege atgecgacge 2340
gctagacgat ttcgatctgg acatgttggg ggacggggat tccccecgggtce cgggatttac 2400
cceccacgac tecgeccect acggcegetcet ggatatggece gacttcgagt ttgagcagat 2460
gtttaccgat gcccttggaa ttgacgagta cggtgggatg gatccccggg taccggtege 2520
caccatggtg agcaagggcg aggagctgtt caccggggtg gtgcccatce tggtcgagcet 2580
ggacggcgac gtaaacggcece acaagttcag cgtgtecgge gagggcegagg gcgatgccac 2640
ctacggcaag ctgaccctga agttcatctg caccaccggce aagctgcceg tgccctggece 2700
caccctegtg accaccctga cctggggcegt gcagtgette agceccgctacce ccgaccacat 2760
gaagcagcac gacttcttca agtccgecat geccgaagge tacgtccagg agegcaccat 2820
cttettcaag gacgacggca actacaagac cegegcecgag gtgaagtteg agggegacac 2880
cctggtgaac cgcatcgage tgaagggcat cgacttcaag gaggacggca acatcctggg 2940
gcacaagctyg gagtacaact acatcagcca caacgtctat atcaccgecg acaagcagaa 3000
gaacggcatc aaggccaact tcaagatccg ccacaacatc gaggacggca gcgtgcaget 3060
cgecgaccac taccagcaga acacccccat cggegacgge cceegtgetge tgcccgacaa 3120
ccactacctg agcacccagt ccgccctgag caaagacccece aacgagaagce gcgatcacat 3180
ggtcctgetyg gagttegtga ccgeccgecgg gatcactcte ggcatggacg agctgtacaa 3240
gtaaagcggc cgcgactcta gatcataatc agccatacca catttgtaga ggttttactt 3300
gctttaaaaa acctcccaca ccteccectg aacctgaaac ataaaatgaa tgcaattgtt 3360
gttgttaact tgtttattgc agcttataat ggttacaaat aaagcaatag catcacaaat 3420
ttcacaaata aagcattttt ttcactgcat tctagttgtg gtttgtccaa actcatcaat 3480
gtatcttaag gcgtaaattg taagcgttaa tattttgtta aaattcgegt taaatttttg 3540
ttaaatcagc tcatttttta accaataggc cgaaatcggc aaaatccctt ataaatcaaa 3600
agaatagacc gagagctagc ggatctgacg gttcactaaa ccagctctge ttatatagac 3660
ctcccaccgt acacgcctac ccgccatttg cgtcaatggg geggagttgt tatgacattt 3720
tggaaagtcc cgttgatttt ggtgccaaaa caaactccca ttgacgtcaa tgggcggggg 3780
tcgttgggeg gtcagccagg cgggccattt accgtaagtt atgtaacgcg gaactccata 3840
tatgggctat gaactaatga ccccgtaatt gattactatt aataactaat gcatggcggt 3900
aatacggtta tccacagaat caggggataa cgcaggaaag aacatgtgag caaaaggcca 3960
gcaaaaggcc aggaaccgta aaaaggccgce gttgectggeg tttttcecata ggctceccgecce 4020
ccctgacgag catcacaaaa atcgacgetce aagtcagagyg tggcgaaacce cgacaggact 4080
ataaagatac caggcgtttc cccctggaag ctecectegtg cgctcectectg ttecgaccect 4140
gccgettace ggatacctgt ccgectttet cecctteggga agegtggegce tttetcatag 4200
ctcacgcetgt aggtatctca gttcggtgta ggtegttege tccaagctgg getgtgtgcea 4260
cgaaccceccce gttcagceceg accgcetgcege cttatceggt aactatcgte ttgagtcecaa 4320
cceggtaaga cacgacttat cgccactgge agcagccact ggtaacagga ttagcagage 4380
gaggtatgta ggcggtgcta cagagttctt gaagtggtgg cctaactacg gctacactag 4440
aaggacagta tttggtatct gecgctctgct gaagccagtt accttcggaa aaagagttgg 4500
tagctcttga tccggcaaac aaaccaccgce tggtageggt ggtttttttg tttgcaagca 4560
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gcagattacg cgcagaaaaa aaggatctca agaagatcct ttgatctttt ctacggggtce 4620
tgacgctcag tggaacgaaa actcacgtta agggattttg gtcatgagat tatcaaaaag 4680
gatcttcacc tagatccttt taaattaaaa atgaagtttt aaatcaatct aaagtatata 4740
tgagtaacct gaggctatgg cagggcctgce cgccccgacg ttggctgcga gecctgggcece 4800
ttcacccgaa cttggggggt ggggtgggga aaaggaagaa acgcgggegt attggeccca 4860
atggggtctce ggtggggtat cgacagagtg ccagccctgg gaccgaacce cgcgtttatg 4920
aacaaacgac ccaacaccgt gegttttatt ctgtcttttt attgccgtca tagcgcegggt 4980
tcetteeggt attgtctect tecgtgttte agttagecte ceccctagggt gggcgaagaa 5040
ctccagcatg agatccccge getggaggat catccagecyg gegteccgga aaacgattce 5100
gaagcccaac ctttcataga aggcggceggt ggaatcgaaa tcectcecgtgatg gcaggttggg 5160
cgtegettgg tecggtcattt cgaaccccag agtcccgete agaagaactce gtcaagaagg 5220
cgatagaagg cgatgcgetg cgaatcggga geggcgatac cgtaaagcac gaggaagcgg 5280
tcagcccatt cgccgccaag ctcettcagca atatcacggg tagccaacgce tatgtcectga 5340
tagcggteeg ccacacccag ccggccacag tcgatgaatce cagaaaageg gccattttee 5400
accatgatat tcggcaagca ggcatcgcca tgggtcacga cgagatccte gecgtcegggce 5460
atgctcgect tgagectgge gaacagttceg gctggcgega geccctgatg ctettegtece 5520
agatcatcct gatcgacaag accggcttce atccgagtac gtgctcgcte gatgcgatgt 5580
ttegettggt ggtcgaatgg gcaggtagce ggatcaageg tatgcagccg ccgcattgca 5640
tcagccatga tggatacttt ctcggcagga gcaaggtgag atgacaggag atcctgcccce 5700
ggcacttege ccaatagcag ccagtccectt cccgcttcag tgacaacgtc gagcacagcet 5760
gcgcaaggaa cgcccgtegt ggccagecac gatageccgeg ctgcectegtce ttgcagttcea 5820
ttcagggcac cggacaggtc ggtcttgaca aaaagaaccyg ggcgeccctyg cgctgacage 5880
cggaacacgg cggcatcaga gcagccgatt gtetgttgtg cccagtcata gcecgaatagce 5940
ctctecacce aagcggcegg agaacctgcg tgcaatccat cttgttcaat catgcgaaac 6000
gatcctcate ctgtctecttg atcgatcettt gcaaaagcct aggcctccaa aaaagcctcece 6060
tcactacttc tggaatagct cagaggccga ggcggccteg gectctgcat aaataaaaaa 6120
aattagtcag ccatggggcyg gagaatgggce ggaactggge ggagttaggyg gcgggatggg 6180
cggagttagg ggcgggacta tggttgctga ctaattgaga tgcatgcttt gcatacttct 6240
gcctgetggyg gagectgggg actttccaca cctggttget gactaattga gatgcatget 6300
ttgcatactt ctgcctgcetyg gggagcectgg ggactttceca caccctaact gacacacatt 6360
ccacagctgg ttctttcege ctcaggactce ttecttttte aatattattg aagcatttat 6420
cagggttatt gtctcatgag cggatacata tttgaatgta tttagaaaaa taaacaaata 6480
ggggttcege gcacatttcee ccgaaaagtg ccacctgacg cgccctgtag cggcgcatta 6540
agcgcggegg gtgtggtggt tacgcgcage gtgaccgcta cacttgccag cgccctageg 6600
ccegetectt tegetttett cecttecttt ctegecacgt tegecggcett tecccegtcaa 6660
gctctaaate gggggctcece tttagggttce cgatttagtg ctttacggca cctecgacccce 6720
aaaaaacttg attagggtga tggttcacgt agtgggccat cgccctgata gacggttttt 6780
cgccctttga cgttggagte cacgttettt aatagtggac tecttgttcca aactggaaca 6840
acactcaacc ctatctcggt ctattctttt gatttataag ggattttgcce gatttcggcece 6900
tattggttaa aaaatgagct gatttaacaa aaatttaacg cgaattttaa caaaatatta 6960
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acgcttacaa tttacgcctt aagatacatt gatgagtttg gacaaaccac aactagaatg 7020
cagtgaaaaa aatgctttat ttgtgaaatt tgtgatgcta ttgctttatt tgtaaccatt 7080
ataagctgca ataaacaagt taacaacaac aattgcattc attttatgtt tcaggttcag 7140
ggggaggtgt gggaggtttt ttaaagcaag taaaacctct acaaatgtgg tatggctgat 7200
tatgatctag agtcgcggcec getttacttg tacagctegt ccatgeccgag agtgatcccg 7260
gcggeggtcea cgaactccag caggaccatg tgatcgcecget tetegttggg gtetttgete 7320
agggcggact gggtgctcag gtagtggttg tcgggcagca gcacggggcece gtcgecgatg 7380
ggggtgttcet getggtagtg gtcecggcgage tgcacgctge cgtectecgat gttgtggegg 7440
atcttgaagt tcaccttgat geccgttette tgettgtegg ccatgatata gacgttgtgg 7500
ctgttgtagt tgtactccag cttgtgccce aggatgttge cgtcectcectt gaagtcgatg 7560
ccettecaget cgatgeggtt caccagggtg tcegecctega acttcaccte ggecgegggte 7620
ttgtagttgc cgtcgtcctt gaagaagatg gtgcgctect ggacgtagce ttecgggcatg 7680
gcggacttga agaagtcgtg ctgcttcatg tggtcggggt agcggctgaa gcactgcacy 7740
cegtaggtcea gggtggtcac gagggtggge cagggcacgg gcagettgee ggtggtgcag 7800
atgaacttca gggtcagctt geccgtaggtg gcatcgeect cgccectcecgee ggacacgcetg 7860
aacttgtggce cgtttacgtc geccgtccage tcgaccagga tgggcaccac cccggtgaac 7920
agctcctege cecttgctcac catggttgtg gccatattat catcgtgttt ttcaaaggaa 7980
aaccacgtcce cecgtggtteg gggggcectag acgttttttt aacctcgact aaacacatgt 8040
aaagcatgtg caccgaggcc ccagatcaga tcccatacaa tggggtacct tcetgggcatce 8100
cttcagcccce ttgttgaata cgcttgagga gagccatttg actctttcca caactatcca 8160
actcacaacg tggcactggg gttgtgccge ctttgcaggt gtatcttata cacgtggcett 8220
ttggcecgcag aggcacctgt cgccaggtgg ggggttecege tgcctgcaaa gggtcegctac 8280
agacgttgtt tgtcttcaag aagcttccag aggaactgct tecttcacga cattcaacag 8340
accttgcatt cctttggcga gaggggaaag acccctagga atgctcgtca agaagacagg 8400
gccaggttte cgggccctca cattgccaaa agacggcaat atggtggaaa ataacatata 8460
gacaaacgca caccggcctt attccaageg getteggeca gtaacgttag ggggggggga 8520
gggagagggg cggatcccgg gcccgcggta ccgtcgactg cagaattcac tagtgattaa 8580
attatattgt cgactcatga gcacccacag cggtctacta ccatggctgg aattttccca 8640
tatattattt gttctttgcc attaaaatat agcatattaa tgggagacat ttttgtcgga 8700
gtgcagcaag ggcctgcectga gcectetgggg tttgettggt gcacaagatg agtatgcgga 8760
tatttttgta aaaacacaaa ttcacactct cctgagcagt aattggcctt atatcttttg 8820
ggtgcgataa tccagtccca tccaaaggct tcaaaatcga ccgtgagggg gtagcggcag 8880
caccgggatt ccgtggagtg ctcatcgcag tcaagcccaa agtctcectceg ggacctettg 8940
ggtgtgtetyg tcaccttgac ttctaaaaag ggattcagec catcttcectcece tggtcecctggyg 9000
aaggttacag caagatcatg gccattctca tccaaagcett tgatttcaat gectaagttg 9060
gattcaggct gtttgagcca attttgcaac actgtcttca catcaatact ctgccaaata 9120
ccagtgcectg ggctcatgte aagtttcaga gatcggattc cagtatacct tgtaccgtct 9180
ttcatgggtt tgatgagtct caggatttgc acaaacactg ttgtaggagt cttgacgggt 9240
ctgagatata tccacagttg ggcttttact actttgttgt actgtatttt agagctaaat 9300
ttaaaaaagc aacatttggg cttgccatcc gcttgcatta gaaagtcaga ctctgtaggce 9360
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atggtaatga ttgtttcecgt ggtagcgtga taatcgtcat cttccaaaga gccatcactg 9420
ctgtcatcce tectggacgte gtactgatcg atcagttcecce ggagtggagg cgctcettggce 9480
agaagttgtc ttatagcatc tttgctgatg ttaggagctg tttccaggcg cagcttactg 9540
aggatttgaa tttttatggc ttctattctg gagtaccteg tgttttgtet ccacgcacat 9600
gcattacaca gcccectettt ttecacattt tecttectcectet cactgccctce atttagatcece 9660
actgggccag cagcaatcag catgaacagg taaatataaa catacatttg cagtttttgc 9720
atcatggctg gatccgggcece cataagagcg taatctggaa catcgtatgg gtacatggtg 9780
tctagctege gtcagctgac tagaggatce ccgggtaccg agctcgaatt cggggccgceg 9840
gaggctggat cggtcccggt gtcttctatg gaggtcaaaa cagcgtggat ggcgtcteca 9900
ggcgatctga cggttcacta aacgagctct gecttatatag gectcccacce gtacacgect 9960
actcgaccecg ggtaccgage tcgactttca cttttcteta tcactgatag ggagtggtaa 10020
actcgacttt cacttttctce tatcactgat agggagtggt aaactcgact ttcacttttce 10080
tctatcactg atagggagtyg gtaaactcga ctttcacttt tctctatcac tgatagggag 10140
tggtaaactc gactttcact tttctcectatc actgataggg agtggtaaac tcgactttca 10200
cttttctecta tcactgatag ggagtggtaa actcgacttt cacttttcte tatcactgat 10260
agggagtggt aaa 10273
<210> SEQ ID NO 14
<211> LENGTH: 6
<212> TYPE: DNA
<213> ORGANISM: Mus musculus
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (2)..(2)
<223> OTHER INFORMATION: x = any nucleotide
<400> SEQUENCE: 14
cncaat 6
<210> SEQ ID NO 15
<211> LENGTH: 6
<212> TYPE: DNA
<213> ORGANISM: Mus musculus
<400> SEQUENCE: 15
aataaa 6
<210> SEQ ID NO 16
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Mus Musculus
<400> SEQUENCE: 16
atgatgcaaa aactgcaaat gtat 24
<210> SEQ ID NO 17
<211> LENGTH: 15
<212> TYPE: DNA
<213> ORGANISM: Mus Musculus
<400> SEQUENCE: 17
tcatgagcac ccaca 15
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<210> SEQ ID NO 18

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Mus Musculus

<400> SEQUENCE: 18

aaccagtgag caagtcagcc

<210> SEQ ID NO 19

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Mus Musculus

<400> SEQUENCE: 19

gccagcagca atcagcat

<210> SEQ ID NO 20

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Mus Musculus

<400> SEQUENCE: 20

agacaaaaca cgaggtactc

<210> SEQ ID NO 21

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Mus Musculus

<400> SEQUENCE: 21

tggattcagyg ctgtttgage

<210> SEQ ID NO 22

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Mus Musculus

<400> SEQUENCE: 22

gtctceccatt aatatgctat

<210> SEQ ID NO 23

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Mus Musculus

<400> SEQUENCE: 23

atcataccct cctaactcag
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What is claimed is:

1. A method for screening for agents that inhibit Mst activ-

ity comprising:

(a) administering a test agent to a transgenic non-human
mammal that has been administered a control factor
selected from tetracycline and doxycycline and thereby
conditionally overexpresses myostatin (Mst), said trans-
genic non-human mammal having a genome that com-
prises a conditional bicistronic myostatin expression
nucleic acid construct selected from the group of nucleic
acid constructs consisting of:

i) a) polyA-green fluorescence protein (EGFP)/internal
ribosome entry site (IRES)-Mst/hemagglutinin (HA)-
tetracycline response element (TRE)/MCK-rtTA/blue
fluorescence protein (BFP)-poly A,
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b) polyA-BFP/itTA-MCK//TRE-HA/Mst-IRES/EGFP-
polyA,

¢) TRE-HA/Mst-IRES/EGFP-poly A//MCK-rtTA/BFP-
polyA,

d  MCK-rtTA/BFP-polyA//TRE-HA/Mst-IRES/EGFP-
polyA,

e) TRE-HA/Mst-IRES/EGFP-polyA//poly A-BFP/rtTA-
MCK, or

) MCK-rtTA/BFP-polyA//poly A-EGFP/IRES-Mst/HA-
TRE;

ii) any one of the constructs of a) lacking a HA tag;

iii) any one of the constructs of a) lacking an IRES/EGFP
or EGFP/IRES; and

iv) any one of the constructs of a) lacking a BFP fusion to
the rt'TA sequence;
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wherein MCK is a promoter selected from muscle specific
creatine kinase, MCK-3E, and

troponin I;

and wherein, in the absence of said test agent, said admin-
istration of said control factor results in Mst overexpres-
sion and decreased muscle mass as compared to control
wild-type mammals;

(b) measuring skeletal muscle mass in said transgenic non-
human mammal administered said test agent; and

(c) identifying the test agent as an agent that inhibits Mst
activity based on the effects of the test agent on
decreased skeletal muscle mass of the transgenic non-
human mammal overexpressing Mst.

2. The method of claim 1, wherein said conditional bicis-
tronic myostatin expression nucleic acid construct is selected
from the group of nucleic acid constructs consisting of:

i) polyA-EGFP)/internal ribosome entry site (IRES)-Mst/
hemagglutinin (HA)-tetracycline response element
(TRE)//MCK-rtTA/blue fluorescence protein (BFP),

ii) polyA-BFP/rtTA-MCK//TRE-HA/Mst-IRES/EGFP-
polyA,

iii) TRE-HA/Mst-IRES/EGFP-poly A//MCK-rt TA/BFP-
polyA,

iv) MCK-rtTA/BFP-polyA//TRE-HA/Mst-IRES/EGFP-
polyA,

v) TRE-HA/Mst-IRES/EGFP-polyA//poly A-BFP/rtTA-
MCK, and

vi) MCK-rtTA/BFP-poly A//polyA-EGFP/IRES-Mst/HA-
TRE,

where MCK is a promoter selected from muscle specific
creatine kinase, MCK-3E, and troponin I.

3. A method for screening for agents that inhibit Mst activ-

ity comprising:

(a) administering a test agent to a transgenic non-human
mammal that has been administered a control factor
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selected from tetracycline and doxycycline and thereby
conditionally overexpresses Mst, said transgenic non-
human mammal comprising cells comprising a bicis-
tronic myostatin expression nucleic acid construct com-
prising a regulatory sequence and a myostatin response
sequence, wherein said bicistronic myostatin expression
nucleic acid construct comprises a DNA transgene, said
DNA transgene comprising SEQ ID NO.: 13, or variants
thereof with greater than 80%, 90%, 95%, or 99%
sequence identity to SEQ ID NO: 13, operably linked to
the tetracycline response element (TRE) promoter, as a
response sequence, and to a regulatory sequence com-
prising a tissue specific promoter selected from muscle
specific creatine kinase, MCK-3E, and troponin I, said
tissue specific promoter being a conditional promoter
influenced by a control factor selected from tetracycline
and doxycycline,
wherein, in the absence of said test agent, said administra-
tion of said control factor results in Mst overexpression
and decreased muscle mass as compared to control wild-
type mammals;
(b) measuring skeletal muscle mass in said transgenic non-
human mammal administered said test agent; and
(c) identifying the test agent as an agent that inhibits Mst
activity based on the effects of the test agent on the
decreased skeletal muscle mass of the transgenic non-
human mammal overexpressing Mst.
4. The method of claim 3, wherein the regulatory sequence
comprises reverse tetracycline transcription activator (rtTA).
5. The method of claim 3 wherein the response sequence
comprises TRE.
6. The method of claim 3 wherein the tissue specific pro-
moter is muscle specific creatine kinase, MCK-3E or Tropo-
nin I.



